THE PSYCHOLOGY 
OF . 
HUMAN LEARNIN G 


By JOHN A. McGEOCH 
and ARTHUR L. IRION 


pee 
AINS 


Mia eis 


ym 
er 
Woe ys 


LONGMANS, GREEN AND CO., INC. 
$5 FIFTH AVENUE, NEW YORK 3 


LONGMANS, GREEN AND CO. Lrp. 
6 & 7 CLIFFORD STREET, LONDON W1 


LONGMANS, GREEN AND CO. 
215 VICTORIA STRE 


iT, TORONTO 1 


} 
MC GEOCH AND IRION 
THE PSYCHOLOGY OF HUMAN LEARNING 


COPYRIGHT © 1952 
BY LONGMANS, GREE 


AND CO., INC. 


ALL RIGHTS RESERVED, INCLUDING THE RIGHT TO REPRODUCE 
THIS BOOK, OR ANY PORTION THEREOF, IN ANY FORM 


PUBLISHED SIMULTANEOUSLY IN THE DOMINION OF CANADA BY 
LONGMANS, GREEN AND CO., TORONTO 


SECOND EDITION 


. “ay. Research 
BAND HA: =| ING COLLEGE 


Dated. .... L-R AR 
Ales. No 194. 


taeva Orme 


Printed in the United States of America 
VAN REES PRESS è NEW YORK 


INTRODUCTION TO THE FIRST EDITION 


Durtnc the past thirty years there has been an amazing develop- 
ment in the field of human and animal learning. The literature is 
now so extensive that its mastery by any one person is an almost in- 
superable task. There have been accumulated a wealth of empirical 
data and generalization, of special and general theory, and a variety 
of points of view and of interpretative systems. Naturally, theories 
and interpretations exhibit much disagreement. Many generaliza- 
tions may be regarded as valid for the present, others must be 
regarded as tentative and questionable because of the lack of reliable 
or adequate data, while with some topics no generalizations are 
Permissible because the empirical data are in direct conflict. 

Throughout his professional life this ficld has been the author’s 
Prime research and teaching interest, and he soon came to feel the 
Need for a comprehensive reference manual which would attempt 
to organize this diverse material in a systematic fashion, present the 
Pros and cons for the various theories and points of view, make such 
Seneralizations as are justified for the present, note the unreliable, 
inadequate, and apparently conflicting data, and point out the type 
of research needed to resolve these conflicts and make possible valid 
Seneralizations, It wag assumed that such a comprehensive manual 
Would prove to be of service to advanced students and investigators, 
and would exercise a stimulating and directive influence upon the 
Course of subsequent investigation. 

Some years ago the author proposed to write a two-volume 
Manual with the advice and critical help of the writer. The author’s 
first task was to read and digest every worth-while article of this 
extensive literature, in the course of which he accumulated a mass 
oF typewritten digests and analyses. He then undertook to write 
the first draft of the manuscript without much regard to limitations 
of Space. As these chapters were completed, they were turned over 
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to the writer, who added to each chapter an extensive series of criti- 
cal and constructive comments and interpretative analyses, and it 
was in the light of these that the author proposed to condense and 
revise this first draft into the final manuscript. 

In the autumn of 1936 this first draft was about four-fifths com- 
pleted. Because of the demands of health, a change of location, and 
the assumption of new teaching and administrative duties, the com- 
pletion of the work was postponed for several years. When he was 
ready to return to this work in 1940, he was persuaded to write 
first the present textbook for students. He consented to do this partly 
because he felt that there was a need for such a text, but primarily 
because he felt that the necessary condensation and revision in- 
volved would prove invaluable in writing the final draft of the 
larger work in which he was primarily interested. 

Not having seen the manuscript, the writer cannot pass judgment 
upon its merit as a text nor can he comment upon its distinctive 
features. However, a text of this sort must necessarily be selective 
with respect to the topics treated and their relative emphasis. It 
must also be written in a more positive and dogmatic tone—much 
more expressive of the author’s views and evaluations than would 
have been the case with the projected manual. 

The author was thoroughly qualified to write such a text. It was 
written in the prime of life with a background of considerable re- 
search and teaching in this, his favorite field. He had an extremely 
able and vigorous mind. He was independent in judgment, intellec- 
tually honest, and thoroughly imbued with the ideals of scientific 
scholarship. He was a prodigious worker and had a first-hand 
knowledge of every worth-while article in the literature. He had 
contributed chapters on Learning to some of our published texts 
and, finally, he had the experience in writing the first draft for the 
projected manual. Whatever merits this text may finally be judged 
to possess, there is no doubt that it will be regarded as a thoroughly 
sound and scholarly piece of work. 

The manuscript was completed and sent to the publisher shortly 
before his untimely death. Unfortunately, no preface had been writ- 
ten, and this brief introduction must serve in its stead. If such a 
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preface had been written, the author would undoubtedly have 
expressed his thanks and appreciation to many who gave him aid 
and encouragement: among them, to A. W. Melton, H. N. Peters, 
and K. W. Spence for their critical reading of the manuscript; to 
the stimulating group of graduate students with whom he discussed 
the chapters; to J. B. Stroud, who compiled the subject index and 
settled puzzling points in the proofreading; and to Mildred Atwood, 
his secretary, for her untiring labors at typing the manuscript, read- 
ing proof, and otherwise preparing the book for publication. 

His thanks are due the many authors who have so willingly per- 


mitted him to use materials from their works. 
Harvey A. CARR 


INTRODUCTION TO THE SECOND EDITION 


THE psychology of human learning has undergone great changes 
since this book appeared in its first edition in 1942. Not only has 
an enormous quantity of factual knowledge been accumulated dur- 
ing this time, but also certain shifts of emphasis and orientation have 
Occurred. There is, today, a far greater rapprochement between the 
Studies of human and animal learning than was true a scant decade 
ago. Emphasis upon theoretical aspects of the learning process 
has become much greater, and, indeed, the term “learning theory” 
has become changed in its meaning during this time. At the same 
time, there has been a significant increase in the degree to which 
facts and theories of learning have been applied to the solution of 
Practical and theoretical problems in other areas. It is difficult to 
View these developments in a proper perspective. They have oc- 
curred so recently and are so involved with our present interests and 
enthusiasms that it is difficult not to feel that they are more signifi- 
Cant than history will prove them to be, and while we may be aware 
that the events of the past decade have quite revolutionized the 
field of learning, yet we should be prepared to find, ten years hence, 
that this revolution has not been entirely fruitful. 

The changes in the field of learning, no matter how we may 
regard them, have been reflected in the revision of this volume. The 
Teader who is acquainted with the earlier edition will note that the 
Organization of the book has been changed somewhat, that chapters 
dealing with theoretical problems and with conditioned response 
learning have been added, and that several of the chapters from 
the first edition have been consolidated or omitted. Thus, the three 
chapters on retention, the conditions of retention, and the conditions 
of forgetting have been combined into a single chapter. The material 
On reminiscence has been removed from this context and is now 
Considered in the chapter concerning the distribution of practice. 

1x 


x THE PSYCHOLOGY OF HUMAN LEARNING 


In a similar way, the chapter on curves of learning has been dropped, 
portions of the material being assigned to other sections of the pres- 
ent volume. Interest in learning curves, as such, has been on the 
decline for many years and references to them are practically not 
to be found in the current literature. Other changes in organization 
have been of a less radical character, but may be found. 

As far as content is concerned, changes that are not merely ad- 
ditive have also been made. Some of the material covered in the first 
edition has been omitted from the second. In other cases, it has been 
necessary to reinterpret some of the earlier findings in terms of the 
more recent experimental and theoretical knowledge we now pos- 
sess. Perhaps the greatest change of content lies in the fact that a 
considerably greater amount of space has been devoted to a discus- 
sion of animal learning. Nevertheless, the book remains a psychology 
of human learning. Except in instances where their results clearly 
illuminate the process of learning in the human being, animal studies 
have not been included. Moreover, where several studies of animal 
learning appear to demonstrate approximately the same thing, only 
one or two of these are cited. This means that the present edition 
is in no sense a survey of the work on animal learning, since the 
references to this research are, in most cases, merely examples. In 
the same way, the chapter on conditioned response learning must 
be considered as an outline. So many of the concepts now employed 
in the explanation and understanding of human learning have been 
borrowed from the field of conditioning that it was felt necessary 
to include some systematic explanation of these concepts in the con- 
text of their origin. The vast literature of conditioning cannot be so 
casually summarized, however, and this chapter omits some of the 
more obvious facts and almost all of the subtle ones concerning this 
process. Indeed, the supporting evidence for the major findings in 
this area has not been cited in any detail. For a more detailed con- 
sideration of these subjects, the reader must be referred to the 
standard reference works in these areas and to the literature upon 
which these works are based. 

A few words should be said concerning the literature with which 
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this book does deal. Articles on the learning process have appeared 
at an accelerated rate during recent years. During the decade that 
has clapsed since the first edition was completed, between two and 
three thousand articles have been published in this general area. 
In addition to these, a great number of articles dealing with closely 
related material have been published. This volume of publication 
represents, of course, a respectable proportion of the total research 
in the field of learning—about 30 per cent, I should judge. Such an 
enormous quantity of material makes selection imperative. It also 
has caused the percentage of coverage to decline. Certain system- 
atic selection procedures were used. First preference for inclusion 
Was given to articles that had been published in standard journals 
or books, second preference was given to abstracts of articles in 
Such sources as the Psychological Bulletin and the American Psy- 
chologist, while third preference was given to articles and abstracts 
that had appeared in other sources less likely to be available to 
the student and the research worker, such as the proceedings of the 
various state academies of science, the publications of the armed 
forces, and the like. In addition, an attempt was made to credit 
Priority of publication wherever possible. Thus, of two researches 
that showed approximately the same result, the earlier is more likely 
to be included in this work than the later. Beyond this, of course, 
an attempt was made to select references on a merit basis. This 
form of selection is necessarily dependent upon the judgment of 
the author, and it is recognized that another individual might have 
Selected a rather different set of references. It is hoped that the 
Selection of material is adequate, but judgment is fallible and what 
is judged to be of lesser importance today may, in the light of fur- 
ther knowledge, be judged of greater significance tomorrow. Fail- 
ure of judgment in such matters is, no doubt, inevitable, particu- 
larly in view of the recency of much of the material. A word should 
also be said concerning the deadline for the inclusion of material, 
This varied for the different chapters because these were completed 
at different times. In no case, however, was a deadline set earlier 
than September, 1950, and for many of the chapters, January, 1951, 
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was the deadline. Beyond this, an attempt was made to insert later 
work into the chapters that had already been completed, but this 
could only be done incompletely, otherwise the process of revision 
should have become perpetual. 

Throughout, an attempt has been made, whether for good or ill 
I cannot say, to maintain the systematic position taken by the first 
edition. This is not to say that all of McGceoch’s decisions in such 
matters have been allowed to stand. Rather, an attempt has been 
made to estimate how he would have reacted to the developments 
that have occurred. This is, of course difficult to do and it is to be 
hoped that Professor McGeoch’s many friends will not feel that I 
have needlessly distorted his psychology. In general, where the facts 
have indicated the need for it, revision has been made, but where 
two hypotheses have appeared to be equally plausible, I have tried 
to give preference to the one most consonant with his general sys- 
tematic viewpoint. That, in doing this, I have frequently had to 
curb my own somewhat more violent behavioristic tendencies, I can- 
not deny. It has, however, been a useful, and I hope a successful, 
discipline. 

Encouragement and aid have been received from many sources. 
Indirectly, my experiences as a student of Professors A. W. Melton, 
Kenneth W., Spence, and John McGeoch, himself, have been of in- 
estimable aid. I have leaned heavily upon their teachings and I know 
that much that has been included in this book stems directly from 
their influence. To the authors who have permitted reproductions 
from their works and who, in some cases, have sent me manuscripts 
of their to-be-published research, I owe a debt of gratitude. Discus- 
sions with Professor G. R. Grice of the University of Illinois have 
served to clarify many problems, and his suggestions for this revision 
have been uniformly valuable and constructive. Several of the chap- 
ters were read in manuscript by my father, Professor Theo, W. H. 
Irion of the University of Missouri. His cri 
most helpful and many of his suggestion 
into the final manuscript. Finally, may I express the gratitude I owe 
to my wife who served as a shield against the clamoring of under- 
graduate student telephone calls and other distractions, who typed 


tical comments have been 
s have been incorporated 
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the final manuscript, who aided me throughout in checking refer- 
ences and reading proof, and, not least important, who managed 
to tolerate my presence for the many days and nights during which 
this work was advanced. 

A be b 
April 23, 1951 
Urbana, Illinois 
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CONCEPTS AND METHODS 


THE CONCEPT OF LEARNING 


SYSTEMATIC experimental study of human learning dates from 1885 
when Ebbinghaus stated some of its fundamental problems, devised 
methods for studying them, and in many ways set the pattern for 
later research. His monograph, Memory: a contribution to experi- 
mental psychology (1885, 1913), is a landmark in the history of 
psychology and is still a model which will repay careful study. Since 
that time, research in learning has appeared at an accelerated rate, 
and, with advancing knowledge, 
that the concept of learning lies at the he: 

The work of Ebbinghaus was not, however, a unique 
The long history of associa- 
d his work, just as had the 
ice.! As Ebbinghaus’ work 


it has become increasingly clear 
art of psychology. 

event in the 
history of experimental psychology. 
tionism had preceded and conditione 


growing tradition of German natural scier 
Was the product of his individual genius and the intellectual back- 


ground of his time, so other minds combined with this background 
of thought to produce somewhat different experimental and theo- 
retical approaches to the problem of learning. Thus, Thorndike’s 
Monograph, Animal intelligence: an experimental study of the associ- 
ative process in animals (1898), set in motion another trend of 
thought which continues to be influential in the psychology of today. 
Similarly, the work of the Russian physiologist, Pavlov, on the con- 
although delayed in its incorporation into the 
ledge, has had an enormous influence 


field of learning.’ 


ditioning of reflexes, 
body of psychological know 
In determining present-day thought in the 

1 The serious student, desiring to understand the background against which 


the early work in learning stands, would do well to consult Warren's History of 
the association psychology (1921) and Boring’s A history of experimental psy- 


chology (1929, 1950). 


? Pavlov’s work became widely known in America only after Anrep’s transla- 
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The Generality of Learning 


Learning, which begins at birth and continues until the eventual 
disintegration of the organism, is a major developmental dimension 
of mind. A knowledge of its characteristics and of the conditions 
which determine its occurrence is fundamental to an understanding 
of psychological development and organization. The significance 
of the concept is widened by the fact that its relevance is not limited 
to organization and development as general problems in psychology, 
but extends into many special and applied fields. 

The pervasiveness of learning can be grasped more clearly if one 
considers the part it plays in some of the categories of psychology. 
Psychologists have long recognized that modes of perceiving are 
functions of past experience, which is another way of saying that 
they are products of learning. Experimental evidence, accumulated 
through the last fifty years, has given this observation rich objective 
support. From simple perceiving of objects, through perceiving of 
spatial relations, to perceiving the most complex phenomena of 
whatever kind, learning is a dominant feature. The symbolic func- 
tions called ideas are learned, as has been recognized ever since 
the doctrine of innate ideas was discarded. The solutions of prob- 
lems by means of ideas, called reasoning, exhibit the pattern of 
learning and are determined by similar conditions. 

The specificity of likes and dislikes, indeed the whole range of 
affective and emotional response to stimulation, is mainly learned. 
Observations upon the development of personality traits have re- 
vealed that a great many—probably a majority—are specifically 


what they are as a result of learning. Many of the emotional diffi- 


culties which confront maladjusted personalities are the result of 


a learning process, as are the solutions to the problems which these 
emotional difficulties present. Even the motivating conditions which 
select and direct behavior are highly susceptible to learning and, 
as development proceeds, become increasingly learned. Relatively 
early in life, the native motivating conditions become so overlaid 


tion of his book, Conditioned reflexes: an investigation o 


ior f the physiological ac- 
tivity of the cerebral cortex, became available in 1927. pay e 
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by learned modifications that the native conditions are present only 


by inference and history. The individual's sets, interests, attitudes, 


prejudices, wants, and beliefs are, thus 
are determiners of his present and future 


, a product of his personal 


history and, in turn, 


behavior. 
If the reader will attempt to imagine the removal from his re- 


sponse-repertoire of everything that he has learned, he will be in a 
position better to understand the ubiquity of the learning process 
and its results in habitual behavior. When the results of learning 
ved, little is left but the vegetative processes and a rela- 
tively few simple overt responses. Ability to recognize now familiar 
objects, to perceive the external world as one now perceives it, 
to read, to converse, to think of the things one now thinks about, to 
be moved to action toward and by the things which now move one, 


to respond in now accustomed ways to other people—these and 
parted. Nearly everything, in fact, 
al organization that he is, 


are remo 


many other activities have de 
which makes man the complex psychologic 
has gone.’ 

These statements about 
that nothing is inherited. 
is a basic condition of all le 
within which practice has its in 
and the primitive motivating © 


the pervasiveness of learning do not imply 
The inherited structure of the organism 
arning; it sets the bounds and framework 
fluence. The simple native responses 
onditions are, likewise, the starting 


Points of learning, and the maturation of structure and function 
through the early years of life serves to complete the contribution 
of heredity to the conditions of learning. Heredity determines the 
Nature of the receptors through which behavior is initiated, the 
nervous system, muscles and glands by means of which it exists, 
and, within this native framework of structures and events, learning 


Occurs. 


* The generality of the concept of learning has been treated in more detail 
elsewhere (McGeoch, 1936). Carr’s textbook (1925) is a concrete demonstra- 
tion, though without explicit assertion to that effect, of the way in which learn- 


mg pervades general psychology. Hollingworth’s (1928) organization of the 
eld in terms of the concept of redintegration is a demonstration of the same 
Point in a different way. Perhaps the most explicit statements of this point in 
the more recent literature are contained in Miller and Dollard (1941) and 


Dollard and Miller (1950). 
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The Problem of Definition 


In science, as in logic, definition of concepts is of fundamental 
importance. However, whereas in logic definitions may be arbitrarily 
constructed according to formal properties, the only form of defi- 
nition which has proven to be consistently useful in science is the 
operational definition. To be sure, the scientist is allowed a certain 
amount of arbitrariness in his definition of terms. He is allowed 
infinite latitude in the varieties, numbers, and complications of the 
operations he employs in definition. But this is his limit. He may 
not, without danger, go beyond the defining operations which he 
performs. Even when he defines the same concept by two different 
sets of operations, he is bound to construct transformation equations 
which must inevitably face the criterion of empirical validation, In 
the psychology of learning the definition of concepts has not always 
been accomplished with proper care, and defined concepts have not 
always retained their proper meanings. It is instructive to take the 
concept of learning, itself, as an example. Most definitions of learn- 
ing make mention of the fact that learning consists of a change in 
performance. This change is definable in terms of two separate 
measurements of the behavior in question, the precautions and 
controls involved in making such measurements being of small 
concern to us here. The difficulty arises from the fact that most 
psychologists do not wish to classify all changes of behavior as 
learned. The student will immediately think of changes in behavior 
which he would prefer to designate as negative adaptation, motiva- 
tional changes, fatigue effects, degenerative changes, changes pro- 
duced by the maturation of the individual or by environmental 
variations, and so on. At this point, it is possible to define learning 
in either of two ways. On the one hand, we can define all changes 
in behavior which are not learned and define learning as the resid- 
ual variability of behavior. On the other hand, we may take the 
more direct course and attempt to delimit precisely those behavioral 
changes which we desire to call learned. In practice, neither course 


has proven to be entirely satisfactory for the reasons that are out- 
lined below, 
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An attempt to delimit those changes in behavior which are 
learned inevitably involves a statement of the conditions under 
which those changes occur, there being no other adequate source 
of delimiting criteria, This places the learning psychologist in a 
somewhat embarrassing position. On the one hand, he desires to 
study the conditions under which learning occurs and to establish 
functional relationships between these conditions and the learning 
process. On the other hand, he may not study the learning process 
at all (strictly speaking) unless he makes a preliminary statement 
of the conditions of learning for definitional purposes. Thus, in a 
Certain sense, he has defined away a large portion of his area of 
Study. Furthermore, it must be noted that, by defining learning in 
terms of the conditions under which it occurs, the psychologist 
Commits himself to a certain theoretical and systematic position. 
Thus, learning defined from the standpoint of the reinforcement 
theorist is a somewhat different concept from learning as defined 
by the contiguity theorist. If the reinforcement theorist defines 
learning in ae of a change in behavior which occurs under certain 
Conditions, one of those conditions being the occurrence of reward, 
he has forever settled the problem (for himself) of whether learning 
can occur in the absence of reward. It is true that changes in be- 
havior may take place as a result of sheer contiguity, but these 
changes are not, under his definition, learned changes. It is apparent 
that, under these circumstances, there is a considerable opportunity 
for dispute among psychologists. Many of these disputes may be 

'SSuised as being concerned with factual aspects of the learning 
Process, More often than not, however, these arguments actually 
Concern definitions. 

In view of these considerations, it is probably not worthwhile, 
So early in this work, to limit discussion by a rigid definition of the 
arning process. Probably, also, it is futile to discuss critically the 
Various definitions which have been proposed. Instead, a general 
Statement will be made which will include the phenomena discussed 
in this book. Learning, as we measure it, is a change in performance 
which occurs under the conditions of practice. What these condi- 
tions of practice may be, it is the purpose of this book to explore. 
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Learning and Retention 


It has long been customary to divide the field into two main parts, 
“learning” or fixation, and “retention.” At the level of logical analysis, 
this division is clear because an act must be fixated before it can 
be retained. In the learning of complex acts by continued practice, 
however, our measurements do not often separate fixation from 
retention, and the two are intermingled in each practice trial after 
the first. For the sake of convenience, the distinction between 
learning and retention has been given a different meaning than the 
logically analytic one, learning being used to designate the acquisi- 
tion of changes in behavior during a specified time or up to a certain 
level, and retention being used to mean any measured persistence 
of these changes after practice ceases. Any failure of such persist- 
ence is called forgetting. 

The way in which retention pervades learning, as these words 
are commonly used by psychologists, can be seen in any learning 
activity requiring more than a single trial, such as the learning 
of a series of words. The changes in behavior (verbal responses ) 
acquired during the first trial are retained, at least in part, until 
the second trial. There, new ones are added to those retained; some 
or all of the results of the first and second trial are retained until 
the third trial, when more responses are added, and so on, until 
practice stops. If the results of the practice were not carried over 
from trial to trial, if they did not accumulate progressively, many 
trials would yield no more learning than would one trial, alone. 

Not all of the acquisitions at each successive trial are carried over 
to the next; some are forgotten and must be refixated. A curve of 
learning represents a progressively greater balance in favor of reten- 
tion, so that it is, in part, a retention curve. In addition to the initial 
modifications of behavior, which do not involve retention in the 
sense meant here, the retained modifications are further changed as 
they are repeated on later trials. Fixation and retention thus 
mutually interact in the course of what we call learning. It may also 
be stated briefly here, to be elaborated much later, that learning 
pervades retention in the sense that one of the conditions of forget- 
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ting is the learning of other responses. That is, one forgets by learn- 
ing other things. f 

Usage has fixed certain names upon clusters of conditions. These 
names cannot mislead if one understands clearly what they mean. 
When studying the acquisition of behavior changes up to some 
arbitrary criterion, such as two perfect trials in succession, it is 
customary to speak of “learning” and to disregard in the naming 
the fact that retention has pervaded the process. Similarly, when 
performance is measured after an interval of no practice, it is cus- 
tomary to call the results measures of “retention,” disregarding 
the fact that there would have been no learning to be retained had 
there been no cumulative retention of behavior changes during 
practice, and disregarding the fact that further learning has been 
ne condition of loss, if any, in retention. 


CHARACTERISTIC MATERIALS AND METHODS 


A great many different varieties of experimental learning situa- 
tions exist, Some of these are uniquely human, while others may be 
employed over a considerable range of other species. Conversely, 
Some learning situations are best adapted for use in the study of 
learning among the lower animals. Concerning learning abilities, 
there are of course, wide variations within the animal kingdom. A 
Consideration of these differences lies outside the scope of this book, 
being the proper concern of a work on comparative psychology. On 
the other hand, investigation has not revealed important differences 
m the type of learning between man and other animals. That is to 
Say, the fundamental laws governing the learning process appear 
to be the same as we move from one species to another. To the 
extent that this is true, psychologists have received a distinct experi- 
Mental} advantage, for many aspects of the learning process may be 
More Conveniently studied with the lower animals than with man.* 
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This is because the lower animals possess a less complex psychologi- 
cal organization wherein the effects of practice may be more unam- 
biguously revealed. Furthermore, it is possible to control some types 
of experiment more adequately with animal than with human sub- 
jects. It is quite apparent that the effects of extirpation of nervous 
tissue, administration of drugs, certain diets, and of certain primary 
drive states may be more satisfactorily studied with animals than 
with men. 

The variety of situations which have been employed in the study 
of learning are bewilderingly numerous, and a complete discussion 
of these situations would be of great length and small value. Some 
of these situations will be described in considerable detail in other 
sections of this book. It will be sufficient, here, to describe a few 
characteristic materials and methods.* 

For experimental purposes, practice is usually administered under 
a rigidly controlled set of circumstances.* Among these circum- 
stances are the instructions which are given to the subject. These 
instructions inform the subject (usually ) of the kind of material he 
is to learn and whatever else the experimental problem requires 
and permits that he know. The instructions the subject receives 
serve to direct and control his activities during the experimental 
period and are, thus, one of the basic experimental conditions. In 
studies of learning among the lower animals, verbal instructions, 
of course, cannot be given. Instead, other means are employed to 
direct the animal's activities in a particular way. For example, the 
animal may be placed in a restraining harness or in an enclosed 
maze or problem box. These restraints serve to direct and to restrict 


5 Melton (1936) has published a thorough examination of methodology 1° 
experimentation upon learning. More recently, Hilgard (1951) has written a? 
excellent survey of methodology in the study of learning. In the present book, 
the emphasis is primarily upon the results of research rather than upon the 
methodology of research. For the latter, Melton and Hilgard should be con- 
sulted. 

è This rigidity of control has led certain individuals to complain that learning, 
as it is studied in the laboratory, has little to do with “real-life” situations an 
that the conclusions derived from such experiments are artificial and invalid. 
This attitude represents an almost complete misunderstanding of the scientific 
method. Life in the laboratory is just as “real” as life may be anywhere else- 
It is, however, more adequately controlled. 
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the animal's activities in much the same fashion as do the instruc- 
tions which are given to human subjects. 

Before actual experimentation begins, a certain amount of pre- 
training is often given. These practice periods serve to acquaint 
ature of the learning problem and, 
nt of individual variations in 
s, of course, the 


the subject with the general n 
it is thought, tend to reduce the exte 
the performance of the learning task. In some case 
of such a nature as to make such 
practice periods undesirable features of the experimental design. 
riod, practice is administered to the 
ent. These con- 


problem under investigation is 


Following the pre-training p€ 
the various conditions of the experim! 
experimental conditions and 


as a standard of com- 


subjects under 
ditions typically include one or more 
at least one control condition which serves 
parison against which the experimental condition results may be 
evaluated, In some problems, a formal control condition may not 
be necessary. For example, in an experiment to determine the rela- 
; thods of learning the same material, 


tive effectiveness of two me 
also as a control group, that is, 


each experimental group may serve 
as a standard of comparison for the other group. 
The division of subjects into experimental and control groups 


ati š əxi e xperimental 
introduces some of the most perplexing problems of experimenta 


design. It is worth while to consider some of the methods which 


have been used to accomplish this. ; 

(A) The method of the counterbalanced practice order. In this 
method, each subject serves under all of the conditions of the experi- 
ment. In an attempt to cancel out the systematic error which would 


be introduced by transfer of training and other factors if each sub- 
: experiment in the same order of conditions, 
a different order of going through the conditions is assigned to 
each subject. In the most simple case where two conditions, A and B, 
are involved, half of the subjects are assigned to go through the 
conditions in the order AB while the other half go through in the 
order BA. The division of subjects into these two groups may be 


done at random (by coin-tossing, drawing from a table of random 

numbers, ete. ), or, in case some basis for matching the group exists, 
.), OF, 

ade to equate the groups. When more than 


ject went through the 


an attempt may be m 
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two conditions exist, the task of counterbalancing becomes more 
complex. Not only should each condition appear an equal number 
of times at each position in the counterbalanced practice order, 
but it may also be desired to have each condition precede and follow 
each other condition an equal number of times. This type of counter- 
balanced practice order is illustrated in the diagram, below. In this 
diagram, four conditions, A, B, C, and D, are arranged so that each 
condition occurs once in each order, and also so that each condition 
precedes and follows each other condition once. This block of four 
subjects may, of course, be repeated as many times as are desirable 
in order to increase the number of subjects. 


Subject Order of Conditions 

number Ist 2nd 3rd 4th 
1 A B G D 
2 B D A C 
3 G A D B 
4 B G B A 


The great advantage of using a counterbalanced practice order 
lies in the fact that it is possible to conduct an experiment contain- 
ing a large number of conditions with a relatively small number of 
subjects. There are, however, serious drawbacks to this type of 
design. The most serious of these is the assumption, which is im- 
plicitly made, that the interaction between conditions and position 
in the counterbalanced practice order is, on the average, zero. If 
two conditions of an experiment show a different susceptibility to 
the influence of position in the counterbalanced practice order, the 
purpose of that counterbalanced order is defeated and a more or 
less serious source of error is introduced. Examination of the data 
from experiments of this type will often reveal the presence of this 
source of error. Although this effect may be more serious in some 
types of experimentation than in others, it is probably not safe to 
use counterbalancing unless it may be shown that interaction be- 


tween the conditions and the position of those conditions in the 


EES 
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counterbalanced practice order is not significant for that particular 
type of problem. 

(B) Separation into randomly selected groups. Under this plan, 
the entire group of subjects is divided at random into a number of 
sub-groups. Each of these sub-groups is then tested under a single 
condition of the experiment. This design does not contain a source 
of systematic error of the type mentioned above. Furthermore, such 
a scheme presents the experimenter with an opportunity to make a 
relatively simple statistical analysis of the results he obtains. The 
disadvantage of this design is that it requires a large number of 
Subjects if the number of conditions is very great. 

(C) Separation into equated groups. In order to increase the 
Precision of the experiment, it is often possible to separate the sub- 
jects into equated rather than into randomly selected sub-groups. In 
order to do this, of course, some basis for equating the groups must 
exist. This may be done by means of a pre-test score, or it may be 
done by stratifying the sample according to some previously meas- 
ured variable which is thought to have an important bearing upon 
the results to be obtained. One of the most efficient and powerful 
methods of accomplishing this is the technique known as analysis 
of covariance. Under this method, the subjects are separated into 
randomly selected sub-groups, but the pre-test scores (or other 
Scores to be used in the equation of the groups) are used in the final 
analysis of results in such a way that initial, chance differences be- 
tween the groups are taken into consideration. This method is often 
More efficient and convenient to use than a method which involves 
the selection of actually equated groups in the beginning of the ex- 
Periment, It possesses the further advantage that it does not violate 
any of the assumption necessary to the statistical analysis of the 
data, an advantage which is not shared by some of the traditional 
methods used in the actual matching of groups.” 

All learning experiments necessarily involve the learning of some- 


“A detailed consideration of statistical methods (including analysis of vari- 
nee and covariance) and their applications to the experimental study of 
arning lies outside the scope of this book. The student is referred to any recent 

ook on psychological statistics such as the one by McNemar (1949), 
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thing—some new type of performance must be acquired, or an old 
type of performance must now occur in situations which previously 
did not elicit that type of activity. Things learned may be called 
either materials or activities. Considered from the side of the situa- 
tion which elicits the changes in performance called learning, they 
are materials; considered from the side of the performances ob- 
served and measured, they are activities. It will be convenient to 
use these terms interchangeably. 

In studies concerned with human learning, certain types of mate- 
rials and activities have traditionally been used. A brief discussion 
of some of the more important types of these materials is offered 
here in order that the student may be able better to understand the 
experimental results which are presented throughout the remaining 
portion of this book. 


Verbal Materials 


In selecting verbal materials for many experimental purposes, it 
is desirable to have items which are unfamiliar to the subject in 
order to avoid the complex associative connections which may al- 
ready exist among familiar materials. If the materials are unfamiliar 
to all subjects, these subjects will begin practice more nearly on an 
equal basis. One of the standard verbal materials is the nonsense 
syllable, first used by Ebbinghaus. A nonsense syllable consists of 
a vowel between two consonants, such as DOQ, ZEH, or XAB. It is 
unlikely that a subject will come to an experiment with already 
formed associations between such syllables as these. The syllables 
will, however, suggest some meaningful associations to a subject, 
and they will differ among themselves in terms of the number of 
associations they arouse. They are “nonsense” syllables only in the 
sense they have no accepted meaning in any language known to 
the subject. Few of them are “nonsense” if one means by that term 
a total lack of suggested associations. : 

Glaze (1928) calibrated nonsense syllable 
ciative value by exposing onc syllable 
subjects and allowing three se 


s in terms of their asso- 
at a time to each of fifteen 
conds for the arousal of an association, 
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if any. The syllables were then classified in terms of the percentage 
of the fifteen subjects having associations aroused by them. Only 101 
of the 2019 syllables which were studied in this way suggested no 
meaning to any subject, i.e. had 00 per cent associative valued for 
these subjects, while only 119 syllables had a value of 100 per cent. 
The remainder were distributed between these two extremes. The 
syllables QIJ and ZYQ are illustrations of the 00 per cent class, 
while NOV and VIK are examples of the 100 per cent class. Other 
methods of calibration, such as Hulls (1933) method of asking 
the subjects to report meaning suggested by the syllables during 
learning, give somewhat different results. The important thing is 
that all of the calibrations yield groupings of the syllables according 
to the associations or “meaning” aroused by them. Few nonsense 
syllables suggest other nonsense syllables, however, so that no part 
of the order of a series of them is likely to be already partially known 
to the subject; but most nonsense syllables suggest meaningful as- 
sociations to at least some of the subjects, thereby aiding (or hinder- 
ing) learning through transfer of training. The calibration of non- 
sense syllables in terms of the actual difficulty involved in learning 
them has not been undertaken on a large scale. The results ob- 
tained by Hall (1950), however, suggest that the difficulty of a 
particular syllable depends, in large part, upon the difficulty of 
the other syllables which are being simultaneously learned in the 
same list. 

A related kind of verbal item is the consonant “syllable,” con- 
sisting of three consonants, such as CNR and QMX. Witmer (1935), 
who introduced the consonant syllable, has calibrated 4534 three- 
letter consonant syllables constructed from nineteen consonants. 
This calibration, again, was in terms of the associations suggested 
by the consonant syllables. Consonant syllables possess an advantage 
over the conventional nonsense syllables because they are less 
meaningful and because there are more of them. Most of the con- 
sonant syllables studied by Witmer, however, aroused some associa- 
tion in her group of twenty-four subjects. The items ZQ] and XFQ 
were among the eleven having 00 per cent associative value, while 
the items BRD and WHP were among the ten having 100 per cent 
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value. The remainder were distributed over the intermediate values 
in a way which approached the normal distribution curve.” 

Many other types of material have also been employed in studies 
of verbal learning. Among these are lists of digits. whether singly 
or in groups of several per item; lists of meaningful words (chosen, 
usually, to make homogeneous lists, as lists of two-syllable adjectives 
or of four-letter verbs) or sections of poetry or of prose. The calibra- 
tion of these materials for use in verbal learning experiments has 
not been as extensively accomplished as in the case of nonsense and 
consonant syllables. This is partially due, no doubt, to the fact that 
these materials are less amenable to this type of measurement. 
Melton and Safier (1936) scaled the meaningful similarity of 300 
pairs of two-syllable adjectives. More recently, Haagen (1949) has 
outlined a more elaborate procedure for the calibration of word 
pairs. 

Verbal materials may be presented to the subject in many ways, 
and the influence of practice may be variously measured. In the 
anticipation method, the items of a list are presented in the window 
of an electrically driven (or other type) exposure apparatus, one 
at a time, and at a uniform rate. The subject is instructed to connect 
each item with the one following it, so that as each appears in the 
window he can anticipate the next one by speaking it aloud before 
it is exposed.” This method has a number of advantages. The presen- 
tation time per item, and hence per repetition of the total list, is 
controlled. Number of repetitions can, therefore, be converted into 
time, if one wishes. Each trial is both a presentation and a measure 
of learning, since, after each attempted anticipation, the correct 


8 Witmer (1935) cites and discusses other calibrations of learning materials, 
and compares her own methods and results with those of others. Her paper 
contains a list of the 4534 consonant syllables, grouped according to associa- 
tive value. Similar groupings of nonsense syllables may be found in Glaze’s 
(1928) paper. 

®The best current experimental practice, when using either nonsense or 
consonant syllables, is to require the subject to spell the syllables rather than 
to pronounce them. The syllable, XED, for example, when pronounced, may 
easily be mistaken for ZED or SED, and a large number of similar confusions 
are possible. The spelling of each item permits the experimenter to make a 
more accurate record (including part scores) than does pronouncing. 
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item is exposed to the subject. The method permits a record of the 
course of acquisition of each individual item, thus yielding data for 
the plotting of a learning curve either for the entire list or for each 
of the component items. 

The paired-associates method involves presentation of pairs of 
items, as in a vocabulary list, under instruction to learn to associate 
the two members of each pair so that, when the first is presented 
the second can be recalled. These pairs of items are usually pre- 
sented on a memory drum so that the first member of each pair is 
exposed alone, followed, after a short interval, by the simultaneous 
presentation of both members of that pair. The paired-associates 
method thus resembles the anticipation method, except for the 
presentation of the items in separate pairs, and for the fact that the 
pairs are usually presented in different serial orders upon successive 
trials. This change of order is necessary to prevent the subject 
from learning the second items of each pair as a series of responses 
rather than learning to associate them with the first items in each 
pair. 

Occasionally, the method of complete presentation is employed, 
although it has several disadvantages. All of the material is pre- 
sented for a certain period of time. There is no control over the 
presentation time of the various parts, as when one reads a chapter 
at one’s own rate, spending little time on some sections and much 
more on others. Learning is then tested by recall. This method 
permits no control of the way in which the subject distributes his 
time over the various parts of the whole, and it gives no measure 
of progress, except the single measure of recall at the end. Usually a 
time limit is set, but sometimes the subject is instructed to study 
the material until he has reached some criterion of perfection, such 
as one perfect recitation. The latter procedure is especially inade- 
quate, since subjects will differ widely in the points during study at 
which they will attempt a recall, and in the amounts of time spent 
on such attempts. One subject may attempt recall before a complete 
recall is possible, while another may be overconservative and wait 
until the material has been learned well beyond the threshold of 


one correct recall. 
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The variant forms of these methods will not be described. Of the 
other methods, only the memory span method need be mentioned. 
By that procedure, the experimenter presents to the subject lists 
of digits, consonants, or words. These are presented at a constant 
rate of speed, say, one digit per second. The number of items pre- 
sented on a single trial will vary from around four to, let us say, 
twelve, a different series of items being presented on each trial. The 
score, called the subject’s memory span, is that length of list which 
can be recalled perfectly after a single presentation on a specified 
proportion of the trials, say, 50 per cent of them. 


Fic. 1. A Typicay Exposure Apparatus FOR PRESENTING Vernal M \TERIALS 

The materials to be learned are typed or printed on a strip of heavy paper or 
cloth which is then fastened around the drum. The drum moves one 
two seconds (or other desired interv 
material into the window. 


space every 
al) to bring another item or section of 


Perceptual-Motor Activities 


In experiments on learning, the term, perceptual-motor, refers to 
the learning of associations between stimulating conditions and overt 
motor responses which are not primarily verbal. In view of the 
extent to which the conditions of human behavior are pervaded by 
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verbal symbols, this distinction can be only a rough one at best. 
The term, skill, is often used instead, and can be used justifiably for 
many activities. Either term is no more than a conventional name 


for a group of activities which are not verbal, alone. 


Fic. 2. A StyLus Maze PATTERN 
(From Warden, J. exp. Psychol., 1924, 7, p- 101) 


The maze is a frequently used instrument for studying perceptual- 
motor learning. Mazes may be constructed in a variety of ways, but 
they have the common feature of a true path from start to goal and 
either one or more—usually more—blind alleys branching from the 
true path. The paths may be actual paths through which the sub- 
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ject walks, but more typically they are cut from brass, fiberboard 
or other material, in which case the subject traces them with a 
stylus. In any event, the subject is instructed to find and then to 
fixate the true path without the aid of vision. Practice effect in maze 


learning is commonly measured by trials, time, and crrors in reach- 
ing a criterion. 


Fic. 3. A PURSUITMETER (OR Pursurr Rotor) 


The jointed stylus is lying on the turntable. 
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The activity required in learning to operate a pursuitmeter is ad- 
study of learning because it is only slightly sus- 
and cannot be learned as a verbal series. 
of the maze learning situation. Maze 
s of verbal self-instructions to 
and so on (cf. Warden, 1924; 


vantageous for the 
ceptible to verbal control 
This, of course, is not true 
patterns may be learned as a serie: 
“go straight ahead,” “turned right,” 


Husband, 1928). A pursuitmeter consists of a t 
e cases with a regular and con- 


others with an irregular and 


arget moving at a 


relatively high rate of speed, in som 
Stantly repeated pattern of transit, in 
variable pattern. The instrument shown in Figure 3 has a smooth 
turntable into which is set a brass target button, near the periphery 
and flush with the surface of the turntable. The turntable is revolved 
by a synchronous motor through n of gears which permits 
speeds of 30, 60, and 120 r.p.m. in either direction, clockwise or 
counterlockwise. The subject is to pursue the target button with a 
jointed stylus, his learning being measured by the total time spent 
in contact with the target during each practice period. 

During and since the recent war, a great number of such mechan- 
ical perceptual-motor learning situations have been developed. 
Some of these are completely new in design while others are modi- 
fications of previously existir nts. Characteristic of such 
devices are the ones described by Lewis and Shephard (1950) and 


Shephard and Lewis (1950). 
The nature of other activitie 
rom their names. Ty 
sorting, ball-tossing, 
used wi 


a systen 


y jnstrume 
ng instrum 


s in this general group can be suff- 


ping, telegraphy, tracking, 
and target-shooting are 
ll vary with each one, as 


ciently understood f 
mirror-drawing, card- 
examples. The specific methodology 
will the units in which learning is measured. 


Activities Which Primarily Involve Responding to Relationships 


p of activities which have come into promi- 
the others. The distinguishing feature of 
e response to relationships and 
aterials and activities involve 


There is another grow 
nence more recently than 
these activities is that they require th 


Principles. A great many learning M 
this, but in a somewhat less pronounced degree. 
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Multiple choice problems which can be solved by the discovery 
and application of a generalization or principle are an example 
of this type of learning situation. Let the subject be presented with 
a number of choices, as keys to be pressed, and told to find which 
one is the correct one, as indicated by some signal. When he has 
found the correct choice, he is next given a different number of 
keys and again required to find the correct one. The correct choice 
is always determined by some principle, such as alternation from 
right to left end, or a more difficult one, such as second from the 
left, first on the right, middle, and repeat. The subject must discover 
the principle which will permit him to solve the problem each time, 
regardless of the number of keys. 

Other forms are the so-called Umweg or detour learning situa- 
tions in which the direct path to a goal is blocked so that the subject 
must take an indirect route in order to solve the problem, the simple 
learning of relationships in which the subject must discover that the 
problem can be solved by response to some relation such as “darker 


than” or “longer than,” and innumerable abstract problems of a 
mathematical and conceptual character.'” 


Methods of Measuring Learning and Retention 


The measurement of learning depends upon our ability to identify 
the changes in behavior which we desire to call learned. Tradition- 
ally, a number of different measures of learning have been used. 
These measures may be classified according to their complexity. It is 


recognized, of course, that other methods of classifying measures 
of learning may be devised. 


(A) Direct measures of response. Degree of le 
measured by making a direct measurement of the learned response. 
All of the measures classified under this heading may be 
to the performance of a single subject on a single tri 
Three such measures exist. These are: 


arning may be 


applied 
al or test-period. 


*° A theoretical controversy of consi i i 
i y of considerable magnitude i ed con- 
cerning the nature of this i 3 ae ial a 


versy may be found in Chapter IX, 8 A brief discussion of this contro- 
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(1) Response amplitude. This measure may be applied only to 
certain types of learned behavior. It is one of the most frequently 
employed measures of learning in the study of conditioned reflexes. 
Amplitude of the conditioned knee-jerk reflex, number of drops of 
saliva secreted upon presentation of the conditioned stimulus, and 
amount of change in skin resistance (in the conditioning of the 
galvanic skin response) are examples of the use of this measure. 

(2) Response latency. All learned responses are elicited by stim- 
uli. In some cases, the experimenter controls the stimulus which 
elicits the learned response, and, in such cases, he can measure the 
lapse of time from the onset of this stimulus to the occurrence of 
the learned response. Whether or not the resulting latency measure 
will have meaning depends upon the nature of the learned act, for 
in some cases the conditions of learning are such as to train the 
subject to wait a specified period of time before responding to the 


eliciting stimulus, i.e., in the case of delayed and trace conditioned 


responses. 

(3) Response accuracy or quality. This measure of learning is 
often employed in studies of human learning. In perceptual-motor 
tasks, particularly, this measure is frequently used. Thus, in learn- 
ing to aim and fire a rifle, we are interested in the distance from the 
bullet hole to the center of the bull’s eye. Similarly, a measure of 
accuracy underlies such simple derived response measures as “time 
on target” in pursuitmeter learning. 

(B) Simple derived response measures. 
this way are those which require more than one subject or more 
than one test-period, or both, in order to be applied. There are a 
number of such measures in common use. These are: 

(1) Frequency. Measures of frequency of response can be ap- 
plied whenever the occurrence of the learned behavior can be 
dichotomized in an all-or-none fashion. In order for the measure 
of frequency to be employed, it is necessary that there be multiple 
subjects or multiple trials with a single subject. Thus, we may meas- 
ure learning in terms of the proportion of a group of subjects 
exhibiting a learned response on a particular test trial, or we may 


Measure learning in terms of the proporti 


Measures classified in 


on of times a single sub- 
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ject makes the learned response during a series of test-periods. The 
measure of frequency may be applied to the learning of lists of 
words, the occurrence of conditioned responses, or in any of a 
variety of other learning situations. Furthermore, the measure of 
frequency can be applied to the occurrence of errors as well as to 
the occurrence of correct responses. Thus, in the learning of a 
maze, frequency of entrance into a blind alley can be used as a 
measure of learning in the same way that frequency of choosing 
the correct path can be so used. 

(2) Resistance to extinction. Conditioned response learning 
exhibits the phenomenon of experimental extinction. This phenom- 
enon involves the disappearance of previously established condi- 
tioned responses under conditions of non-reinforcement. The 
number of non-reinforced trials required to produce a specified 
decrement in a conditioned response may be used as a measure of 
the strength of original conditioning." 

(3) Resistance to forgetting. This measure is closely related to 
the previous measure. It rests upon the fact that well-practiced 
habits are less susceptible to forgetting than are poorly learned 
habits. Since, however, the process of forgetting is, itself, a product 
of activities occurring between the time of original learning and 
the measurement of retention, this measure is best employed only 
when these intervening activities are under the control of the ex- 
perimenter. The use of this measure of learning assumes that some 
measure of retention and forgetting exists. There are a number 
of such measures. Three of these will be discussed under this 
heading, while the fourth, being more complex, will be described 
under the heading, complex derived response measures, below. 


11 In a recent article, Brogden (1949) calls into question the validity of this 
measure on the basis that he found no evidence of a correlation between the 
rate of learning and the rate of extinction in a conditioned avoidance training 
situation. Brogden erred, however, in training all of his animals to the same cri- 
terion of performance before starting extinction. Rate of extinction should be 
closely related to rate of acquisition only if original training is carried out to a 
trial criterion so that different rates of acquisition may be reflected in different 
levels of terminal habit strength. Due to this, and a number of other technical 
flaws in his experiment, Brogden’s results cannot be considered to have demon- 
strated the inadequacy of this measure of learning. 
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(a) In the method of recall (or reproduction) the subject is given 
the original stimulus or some substitute for it and is asked t per- 
form as nearly as possible in the same way as he did at the attain- 
ment of the criterion. Depending upon the activity learned, he is 
placed in the original experimental context, given the original 
instruction or cue, and asked to recall independently yiihonë the 
benefit of further aid. In verbal learning by the anticipation method 
nethod, the recall trial is a continuation 
continuous with the 
pe of problem, the 


or by the paired-associates 1 
of learning, and the measure of retention is 
mensies of learning. In a maze, or other ty 
subject is again confronted with the problem and asked to solve it. 

(b) In the recognition method the subject is presented with the 
a random order with other 


originally š A M 
riginally learned material mixed in 
al display, the 


similar ; i 
imilar items, and is asked to select, from the tot 
e in the original list. The results are usually cor- 


items which wer 
subject could 


ected for chance, since even without any retention a 
h score by chance. The method of recognition is 


make a fairly hi 
a fairly hig 
al lists, are composed of readily 


limited to materials which, like verb 
Separable parts. 

; (€) The reconstruction method has a 
time after he reaches the criterion, the 
, arranged in a random order, 


similar limitation. At some 
subject is given the parts 


Of thé estos : Saale 
f the original material and is asked 


to reconstruct the original order. 

(C) Complex derived response measures. These three measures 
represent a still greater degree of complexity. In fact, they are not 
actually may employ any of the 


entire 
tirely separate measures, but 
nder certain special con- 


MEASpres ‘ i 
€asures previously discussed, but only u 


ditions 
itions. The measures are: 
(1) Amount of practice required to reach some criterion. In 


Connection with some simple measure of response, this is a fre- 
quently used measure of learning. The amount of practice necessary 
to achieve some standard of perfection, such as two successive 
errorless repetitions of a list of nonsense syllables, may be measured 
in terms of trials or time. While, of course, this method does not 


Measure amount of learning, as such, it is frequently employed to 


assess the effectiveness of a particular method of practice, for the 
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purpose of matching groups or individuals in terms of leasing, 
ability, and in connection with the savings method of measuring 
retention which is described below. 

(2) Resistance to forgetting by the savings method. This method, 
first used by Ebbinghaus (1885, 1913), requires that the subject 
relearn the material, usually to the same criterion as was used in 
original learning. The saving is the difference between the measures 
of learning and relearning. These measures may be almost any of 
those which have previously been discussed, such as time taken to 
learn, number of errors made in learning, mean accuracy of res- 
ponse, or number of trials taken to reach the criterion. Usually, a 
percentage of saving is computed in terms of this difference divided 
by the corresponding measure of learning. Thus, if a subject re- 
quires thirty trials to learn an activity and ten trials to relearn it to 
the same criterion, he has saved twenty trials or 66.67 per cent of 
the original trials. The savings method has characteristics which 
other methods lack. It may reveal retention where the 


recall method 
shows none; it may yield negative s 


avings scores as well as positive 
ones and is peculiarly able, thus, to serve as a measure of the 
influence of inhibitory conditions. 

(3) The transfer of training method. This method may be used 
either to measure learning or retention. Any method for measuring 
the influence of practice at one activity upon the rate or other 
characteristic of the learning of a second activity is a transfer 
method. Let a group of subjects learn maze A and then learn maze 
B. If maze B is learned more slowly or more rapidly by 
than by an equivalent control group which learned B w 
previously learned A, there has been a transfer effect from the 
learning of A to the learning of B. Since practice 
have influenced the rate of learning of Bh 
practice been retained, the transfer method may also serve as a 
measure of retention. When being used as a measure of retention 
or of learning, and when being studied as a sep 
the transfer method may employ any of the co 
learning which have been disc 

A question may properly be 


this group 
ithout having 


at A could not 
ad not the results of 


arate phenomenon, 


mmon measures of 
‘ussed previously. 


asked concerning the reliability and 
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validity of these measures. About reliability, little in the way of a 
general statement may be made since reliability will vary according 
to the learning situation which is employed, the type of subject 
used, and the precision of control exerted by the experimenter. The 
r measure under a specified set of experi- 
of course, be determined. That there are 
a straightforward procedure as this is 


reliability of a particula 
mental conditions may, 
complications in even such 
indicated by the analy of Melton (1936). 

Concerning the validity of these measures, an important question 
may be asked. Since typical correlations between the measures are 
we may ask which measure is the “best” measure 
is the most valid. An answer to 


far from unity, 


of learning, that is, which measure 
art, upon the definition of learning itself. 


es, then a particular 
as being definitive. 


this question depends, in p 
n terms of response chang 


nge might be specified 
vould then include a statement of the 
ar measurement. Under 


If learning is defined i 
Measure of response char 
The definition of learning Y 
Operations involved in makir 


other measures 0 
equations could be worked out 


and units 


ng this particul 
these circumstances, f “learning” would be valid 
only to the extent that transforming 
i se other measures to the terms 
e other hand, if learning is defined 
s necessary that the relationships 


the measures of response be 


which would convert the 
of the basic measurement. On th 
in terms of stimulus events, then it i 
between these stimulus events and 
specified.’ This may be accomplished through a system of inter- 
vening variables or connecting equations of some type. Validity of 
y now be specified in terms of the consistency 


a response measure ma A i 
t may be predicted from a knowledge o 


with which changes in i 
the stimulus events. 


d, learning may be defined in terms of be- 
der certain sets of conditions or stimulus 
ariable, habit, in terms of 
rcement, number of rein- 
he eliciting stimulus and 


12 As has already been indicate 
havioral changes which occur un ‘ f f 
events. Thus, Hull (1943) defines his intervening Y 
stimulus events such as amount and delay of reinfo 
forcements, and the temporal relationship between t 


the to-be-learned response. 


26 THE PSYCHOLOGY OF HUMAN LEARNING 


CURVES OF LEARNING 


When more than one trial is required for learning, we often wish 
to know the relationship between the effectiveness of a particular 
trial and its ordinal place in the total series of trials taken to learn. 
This relationship may be quickly determined by plotting a curve of 
learning. Trials, or some other measure of practice, 
the x-axis, and the corresponding measures of pe 
y-axis. The particular units plotted 
will rise or fall. Curves for any me 
such as frequency of correct responses, typically rise as practice 
increases. On the other hand, curves for latency measures or curves 
for frequency of errors typically fall with increasing practice. The 
important thing about a learning curve is not its tendency to rise 


or fall, but its form, which shows the rel 
trials. +? 


are plotted on 
rformance on the 
determine whether the curve 
asure of positive performance, 


ative influence of successive 


Whenever possible, a curve is plotted for the entire practice 
period from its beginning until the attainment of the work or per- 
formance criterion. Such a curve represents the amount learned. In 
some cases, however, a curve of total performance would be difficult 
to obtain, or too cumbersome to be of value. In the more complex 
activities, such as typing or telegraphy, it is customary to measure 
the results of practice at sample points along the continuum of 
practice. The number of words typed in a ten-minute test at the 
end of every five hours of practice, or a complete record of words 
typed in every fifth hour of practice, may be used instead of the 
records of the entire period. This method is usually used, also, in 
conditioned reflex experiments since, in many studies of this type, 


it is difficult to obtain measures of learning during the actual prac- 
tice periods. 


13 A curve of ] 
tice. Practice is 
unknown. 


earning is the line of the re 


gression of performance u at 
the known variable, perfo p pon prac 


rmance as a result of practice, the 
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ning curves. However, most of the curves approach one of the 
ree 7 > g 7 i aH 
m forms shown in Figure 4. Curve A, which is negatively ac 
celeri n) 9 re] "i 3 i 
erated, shows increments of performance which are relatively 
in practice and become smaller as practice continues 


large early 
ly accelerated, pictures increments which 


Curve B, which is positive 

are sli -i ; trials i 

: slight during the early trials, but which become progressively 

kisis bs, : fi i s ihe 7 

arger. Curve C, which is an S-curve, begins with initial positive ac 
e as s üi 

igh a region where linearity is approached 


celeration, passes throu 
ated. Occasionally, a learning 
< o 


and then becomes negatively acceler: 
urve is obtained which is linear, or nearly so, for a considerable 


Smart pee i 
proportion of its course. These three curves are smoothed and 
z 


aTivE Curves OF LEARNING 


Psychology, p. 218) 


Fic. 4. REPRES 
(Curves A and B from Carr, 


d by experimen- 


e ideal forms approache 
ch more ir- 


for single subjects are mu 
s drawn the learning curve for a 
a list of ten meaningful words to 
succession. This curve is less 
from being smooth. It will 
its form approaches Curve 


schematic, representing th 
tally obtained data. Curves 
regular than this. In Figure 5 i 
Single practiced subject learning 
a criterion of two perfect trials in 
irregular than many, but it is still far 


be seen that, despite these irregularities, 
A in Figure 4. The occurrence of these up-and-down fluctuations in 


individual learning curves is a function of a number of “chance” 
Conditions which the experimenter has not controlled, such as 


distractions, fluctuations of motivation, and temporary interferences 
among the parts of the activity being learned. When a number 


28 THE PSYCHOLOGY OF HUMAN LEARNING 


of curves obtained under the same experimental conditions are 
combined, the chance fluctuations come at different points for 
different subjects, and the combined curve approaches smoothness. 

Learning curves such as these typically approach some high value 
as a limit. Often this limit is determined by the nature of the task 
and the measures of learning used. Thus, when frequency of correct 
responses is used in an experiment which involves the learning of a 


10 


NUMBER OF WORDS CORRECTLY ANTICIPATED 


i 2 3 4 5 6 7 8 9 10 u 
TRIALS 


Fic. 5. Curve or ONE PRACTICED SUBJECT FOR LEARNING A List or 10 Worps 
list of ten words, the learning curve approaches the value of 10 
a limit. Such limits are artificially imposed. But even when theoreti- 
cal improvement is infinite, learning curves do not s 


nt how indefinite 
rise. The conditions under which learning occurs set definite limits 


as 


to the total amount of improvement to be derived from practice 
When conditions for le 


arning are optimal, we may speak of th 
final leveli z peak o e 
ese eveling off of improvement as an approach to the physiological 
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Occasionally, learning curves show marked deviations from one 
of the forms shown in Figure 4. One such deviation is the occurrence 
of ate: i arni i 
: one or more plateaus during learning. A plateau is a period of 
ittle or no change in performance which is preceded and followed 


by periods of improvement. Another form of deviation from the 
arning curve is the occurrence of a rapid 
ing the more or less sudden solu- 
tion of the learning problem. Such periods of sudden solution have 
been used as the criterion for, and the definition of, insight. The 
conditions under which such variations as these take place, as well 
as the conditions which determine the rate and limits of improve- 
ment, form the proper subject for a large portion of this book. 


more usual form of le 
period of improvement represent 


Vincent Curves 


arried out to a performance criterion, curves 


When learning is ¢ 
bined by adding the numerical 


for individual subjects cannot be cor 
values directly. Subjects require different numbers of trials to 


reach a common criterion, and if we were to add the records for 
trials 1, 2, 8,....N, the number of subjects represented in each 
from the number of trials taken by the fastened 
at the last trial, only the slowest subject 


would remain. If three subjects take 5, 8, and 10 trials, respectively, 
ill be represented in the first five totals, 


and 8, but only one in the totals 


total would decrease 
subject onward, until, 


to reach a criterion, all w 
two in the totals for trials 6, 7, 
for trials 9 and 10. 


The problem can be solved for many purposes by summating the 


amounts learned by different subjects in equal fractions of the total 
e procedure for doing this, originally developed 


by Vincent (1912) and modified by Kjerstad (1919), Hunter and 
Yarbrough (1917), and others, involves a division of the total trials 
into fractions, such as sixths or tenths, and a determination of the 
performance of each subject in each fraction. The details of the 
procedure vary with the measures employed, and a critical discus- 
sion of the various procedures may be found in Hilgard (1938). We 
shall present here, as an illustration, the application of one of them 


learning period. Th 
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to the records of two subjects for the learning of a list of ten words 
by the anticipation method. 

The two subjects required twelve and eight trials, respectively, 
to reach the criterion of two perfect trials in succession, but the 
numbers of correct anticipations in each trial, shown below, stop at 
the first perfect trial, because the following trial was also perfect. 
and only the first of the successive criterial trials need be included 
in the curve. 


6, 8, 6, 8, 9, 10. 


Subject A: 0, 2, 4,5, 6, 5, 
5, 7, 7, 8, 8, 10. 


Subject B: 0, 3, 5, 

These data should be plotted on an abscissa which is of the same 
length in the two cases. The inevitable zero score at the first trial 
is plotted at the point of origin, the length of the constant abscissa 
is divided by the total number of trials minus one (11 and 7), and 
the corresponding positive scores plotted at the indicated points. 
That is, the value 2 for Subject A is plotted at a distance from zero 
which is one-eleventh of the total length of the abscissa, the value 
4 at the next eleventh, and so on. For this purpose tables prepared 
by Melton for dividing a 200-millimeter abscissa into the fractions 
required by any given number of trials are useful. Once the indi- 
vidual curves have been drawn, the data for a Vincent curve are 
obtained by erecting at any desired fraction of the abscissa a per- 
pendicular which intersects the curve and by reading the value 
on the ordinate at the point of intersection. 

The Vincent values obtained in this way are the same as those 
arrived at by arithmetical computation, and are as follows for the 
two sets of values when cut at successive fifths: 


Subject A: 4.2, 5.6, 7.2, 7.6, 10.0 
Subject B: 3.8, 6.6, 7.2, 8.0, 10.0 


The data for these two curves have been divided into fifths because, 
in order to avoid large errors from interpolation, it is advisable to 
use a number of divisions which is no larger than the smallest num- 
ber of trials taken by any subject. Had subjects with larger numbers 


at trials been chosen for illustrative purposes, the resulting curves 
might well have been cut at successive tenths. 
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Vincent curves may also be plotted as Melton (1936b) has done, 
in terms of the number of trials (or other values on the x-axis ) 
required to attain successive levels of performance. For certain 
purposes (cf. Melton, 1936; Hilgard, 1938) this is the more satisfac- 


tory method. 
Learning Curve Equations 


Learning curves are geometrical devices which express, in easy 
Visual form, the relationship between practice and performance. A 
any type of curve may be obtained. 
Such equations provide a terse, symbolic shorthand for the more 
cumbersome curves. Equations for learning curves may be divided 
into two general types, rational and empirical. In the latter type, 
an attempt is made to find the mathematical expression which will 
best “fit” a group of obtained data. Such empirical equations do 
not represent a great advance over the mere drawing of the learn- 
ing curve for these data, although it may often be convenient to 
obtain an equation fitting data which have been obtained. Rational 
equations, on the other hand, do represent an advance in knowl- 
edge because an attempt is made to give meaning to the constants 
of the equation in terms of quantitative variations in the conditions 
of practice, Rational equations, therefore, are really quantitative 
hypotheses concerning the nature of the learning process since they 
Specify precise relationships between the independent and the 
dependent variables of the learning process. If an equation of this 
type yields a close fit to experimental data obtained under a number 
of variations of the conditions of learning, we must regard the 
hypothesis implied by the equation as being verified to that extent. 
It must be noted, however, that the constants in such a rational 
equation must be determined by the nature of the experimental 
Conditions and not be the arithmetical manipulations of curve- 
fitting, No rational equation has been devised which satisfactorily 
Predicts and fits all learning curves. The development of such an 
equation would, of course, represent complete knowledge concern- 
ing the learning process. For d ] under a restricted range 


ata obtained 
OE Arneri ee 4 
f experimental conditions (42-5 


mathematical expression for 


the rote-learning situation or the 
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conditioning situation), rational equations which fit considerable 
proportions of the data have been developed. Such equations have 
been formulated by Thurstone (1930), Hull (1940, 1943, 1950), 
Estes (1950) and others.'* 

There is a danger, which is not inherent in the use of equations, 
but which has not always been avoided by past users of them, 
that one will forget the relativity of curves to their conditions and 
will regard the equation as a statement of learning as it “really” or 
“absolutely” is. One must always remember that an equational 
statement is meaningless in the absence of specification of the condi- 
tions under which the learning occurred. In rational equations, of 


course, this specification of conditions is contained in the constants 
of the equation themselves. 
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SOME THEORETICAL CONSIDERATIONS 


INTRODUCTION 
ing process has ad- 


ledge concerning, the learn 
lso been developed. 


learning process have a 
instances, represented an attempt to 
consolidate existing knowledge, but they have also served to suggest 
and to direct a very great many research projects. Fact and theory 
cannot, therefore, be clearly untangled since the development of 
each has been dependent upon the status of the other, and the 
psychology of learning cannot be understood from the standpoint of 
either, alone. This book deals largely with factual information. The 

ate the facts that we 


problems of theory, however, SO often domin 
must review, however briefly, some of these problems before going 


on to the material with which this work is more fundamentally 


concerned. 

It would be presumptuous to 
several, of the theories of learning in a 
ate the role theory s 
jon of some persis 
together with so! 


As FacruaL know 
vanced, theories of the 
These theories have, in some 


attempt to summarize all, or even 
single chapter.* Instead, we 
hould play in our science, 
tent theoretical prob- 


me representa- 


shall attempt to illustr 
and shall give a brief discuss 
lems in the psychology of learning, 
tive solutions to these problems. 


ATURE OF SCIENTIFIC THEORY 
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1 For a detailed consideration of learning theories, Hilgard (1948) may be 
tecommended. Spence’s articles in Moss (1942) and Stevens, et al (1951) are 
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sources on which these reviews and summaries are based. 
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relationship between two or more variables or events which occur 
in the natural world. In its simplest form, such a statement merely 
notes that one event follows another event in a regular fashion. 
Thus, we may note that if an infant is pricked with a pin (event 1) 
the crying of the infant (event 2) regularly follows. The statement 
of this relationship may be refined, somewhat, if we care to quantify 
the two events and to note that the infant tends to cry more vigor- 
ously or for a longer period of time following an intense pinprick 
than following a weak one. Fundamentally, however, the fact lies 
in the two (or more) events and the nature of the dependency 
between them. The objective of the scientist is to determine such 
relationships between operationally defined variables.? In practice, 
of course, the scientist attempts, not only to establish isolated 
dependencies, but to incorporate these into larger systems of rela- 
tionships which will allow him to predict empirical findings over a 
wide range of experimental conditions. 

Theory, in its simplest form, is nothing more than a guess at the 
relationship which may exist between two operationally defined 
variables. Such a guess may be highly specific, or it may merely 
state the relationship in general terms. Again, in practice, the scien- 
tist is generally interested in guessing at a greater number of 
relationships than at a single one. He attempts to piece together his 
available facts into some larger framework of relationships, guessing 
where necessary, to fill in the gaps in this system. 

Theories may be classified in various ways. One of the most ap- 
parent methods is to classify theories in terms of the specificity of 
the guesswork done. Physical science furnishes many examples of 
extremely precise and specific theoretical work, of hypotheses which 
predict experimental findings to within a thousandth part of a 
second or of a millimeter, Perhaps psychological theory will never 
become this specific in its theorizing, but even a cursory examina- 
tion of contemporary psychological theories will reveal astonishing 

* For tended di: i i science eng 
mil sich additonal sores as Began (100 ge should con 


(1941), Bridgman (1927), Cohen and Nagel (1934), Pratt (1939) Spence 
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differences in the degree of specificity of the theoretical work. For 
example, psychoanalytic theory, if such it may be called, involves the 
hypothesizing of extremely vague relationships, oftentimes between 
undefined variables. In the field of learning, the theories of Thorn- 
dike (1931, 1932), Guthrie (1935), and Tolman (1932) hypothesize 
the variables between which relationships exist, but state these 
relationships only in very general terms. In a sense, these theories 
represent an attempt to isolate the important variables of the learn- 
Ing process rather than an attempt to predict learning behavior 
precisely, On the other hand, the theories of Hull (1940, 1943, 1950) 
and the promising beginnings made by Estes (1950) represent 
much more precise theorizing.* If anything, the precision of some 
of this theoretical work goes beyond the precision of present ex- 
perimental findings. 

The specificity of the theory is important in a number of ways. 
By and large, the more specific of two theories is the better, provid- 
pls both stand up equally well under empirical investigation. 
ny = latter provision, however, which constitutes the major 
oh ty for a theory which makes highly specific predictions. Any 

ntific theory stands or falls in terms of empirical validation, and 

on theory can be retained in the face of a single contradictory fact. 
= validity of a theory is, thus, an all-or-none affair, and no matter 
ge many facts and relationships agree with a particular theory, 
4 single, well-established contradictory fact causes its downfall, at 
rai until appropriate theoretical modifications can be made. Con- 
a facts, themselves, however, require definition, and a 
of en amount of thought wil show that there are at least two kinds 
ntradictory facts which, for want of better terms, we shall call 
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results which do not approach the theoretical prediction within this 
range. By increasing laboratory precision and by the repetition of 
experiments we can change many supposed errors of approximation 
into contradictory facts of kind. Whether or not a theory survives 
depends upon whether contradictory facts of kind may be estab- 
lished.‘ It is at this point that the advantage (as regards viability ) 
of the vague over the specific theory is found. If theoretical predic- 
tions are made in general, non-quantitative terms, many “contradic- 
tory facts” may be regarded as errors of approximation rather than 
as contradictory facts of kind. On the other hand, the precisely 
quantified theory may come fairly close to predicting experimental 
results, but may require modification because the divergence be- 
tween fact and theory is greater than can be accounted for by exper- 
imental error. 

Theories may also be differentiated in terms of their generality. 
Some hypotheses are designed to account only for a limited area, a 
particular combination of experimental facts. Other theories are 
much more general in scope, taking as their province all of condi- 
tioned response learning or all of learning as a whole. In view of 
the present lack of detailed experimental knowledge, it is to be 
expected that the more general theories also tend to be the ones 
which make the less specific predictions. At the present time there is 
no general, specific theory which encompasses the learning process 
as a whole. 

In summary, then, we may say that the objective of science is to 
establish relationships between operationally defined variables.° In 


4 Obviously we refer to survival of a theory in unchanged form. Survival also 
depends upon the flexibility of the system, that is, the extent to which minor 
changes in theory may be made which will reconcile theory with fact. All 
psychological theories show the effects of such theoretical patchwork some 
of them to the extent that they resemble the Ptolemaic theory of the solar 
system with its complications of cycles and epicycles. Many much-patched 
theories of learning, no doubt, are destined also for a similar eid, 

5A popular misconception has it that science is a body of knowledge, and 
that there are different sciences corresponding to these different fields of infor- 
mation. Actually, science is a set of rules for the definition of fact and these 
rules, called the scientific method, are basically the same for all “sciences.” 
pe different fields of science represent customary and convenient divisions of 
abor among scientists and no one group of scientists is isolated from other 
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general, the scientist hopes to determine groups of relationships 
rather than isolated ones. Theories represent guesses at relationships 
between operationally defined variables which have not yet been 
empirically determined. Typically, theories represent a patchwork 
of previously observed fact and present guesswork. Such theories 
attempt to predict what will occur under a specified set of experi- 
a particular theoretical system retains its 
edictions made from it are in essential 
e theories which make vague 


mental conditions, and 
validity only so long as pr 
agreement with empirical fact. Sinc 
Predictions tend to survive this laboratory ordeal more successfully 
than theories which make highly specific predictions, we may expect 
to observe a greater number of vague than specific theories. On the 
other hand, highly specific, quantitative theories represent the ulti- 
sresent time learning theories tend to 
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ere are, at present, no specific theories of the learning process in 
8eneral 


SOME PERSISTENT THEORETICAL PROBLEMS 


Certain theoretical problems have been persistent sources of dis- 
Pute among psychologists who study the learning process. Some of 
the more important of these problems are discussed below. It should 
not be thought, however, that the topics considered represent an 


exhaustive analysis of these theoretical problems. 
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from the study of conditioning be applied to maze learning or trial- 
and-error learning? Does the learning of autonomically innervated 
responses proceed in the same fashion as other learning? Can the 
results of experiments with animals be applied to the learning of 
human beings? These are, of course, some of the special problems 
which are contained in the general one. It is possible, for example, 
that general laws of learning may apply for the learning of human 
beings, but that these differ from those involved in the learning of 
other species. Similarly, over a wide range of species, some responses 
may be learned according to one set of principles, while other re- 
sponses may be acquired under different laws. 

Concerning the problem of differences among species with respect 
to the basic principles of learning, there is a growing mass of 
evidence that the basic processes of learning are similar over a wide 
range of species. This evidence, however, is indirect rather than 
direct, and consists mainly of the fact that no significant variations 
in this respect have been noted although thousands of animal and 
human learning experiments have been performed. This is not to 
say that human and animal learning are identical, but only that the 
former can probably be regarded as a complex variety of the latter." 
The complexity of the learning process in human beings far exceeds 
its complexity in other species. Nevertheless, that the distributions 
of learning scores for men and animals overlap in various ways has 
been shown by Gardner (1945) and others. In a recent article, 
Seward (1948) defends in detail the position that the basic be- 
havioral mechanisms as between species are homologous. Although 
it will never be possible to prove the continuity of basic learning 
principles between species, lack of negative evidence should incline 
us to the belief that this continuity exists. Such a belief is in keeping 
with the principle of parsimony and serves to emphasize the practi- 
cal importance of learning experimentation with species other than 
man. 

The problem of the generality of the laws of learning between 
various learning situations is, perhaps, more significant. Certainly 
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the evidence in this instance is much less clear. Regardless of the 
basic laws of learning which may be assumed, it is important to 
know whether these laws are really basic, or whether they apply 
only to a limited range of learning situations. Two approaches to 
this problem present themselves. One may begin with some com- 
plex variety of learning which one regards as basic and attempt to 
derive simple forms of learning as “special cases” which follow the 
same general laws. Conversely, one may start with simple forms of 
learning and attempt to show how complex learning may be derived 
as a function of the summation and interaction of less complex habits 
and processes. In either case, the basic principles remain relatively 
unchanged. As an example of the first type of approach, Thorndike’s 
(1981) work will serve. Taking trial-and-error learning as basic, 
Thorndike regarded conditioned response learning as a special and 
less important case. On the other hand, the early theoretical papers 
of Hull (1930a, 1930b, 1931, 1932, 1937, 1938) represent an attempt 
to explain more complex forms of learning in terms of conditioning 
Principles. A different approach is represented by those who hold 
that there are two (or more) basic types of learning. Skinner (1935, 
k distinguishes between classical and instru- 
a way as to imply that different laws 
of learning apply between them. More recently, Mowrer (1947) has 
assumed two basic types of learning. According to this view, re- 
Sponses based on autonomic innervation (emotional responses) are 
learned according to the principle of temporal contiguity, while 
Skeletal responses are supposedly learned according to the principle 
of reinforcement or effect. There are not enough relevant data at 
the present time to afford a basis for an evaluation of these pro- 
Posals, 

Recently Tolman (1949) has proposed that six types of learning 
exist. These six types (cathexes, equivalence beliefs, field expec- 
tancies, field-cognition modes, drive discriminations, and motor 
Patterns) are assumed to follow different principles of acquisition 
and retention. Tolman’s classification does not follow any apparent 
Physiological pattern although the types of learning situations 
which he describes may be clearly differentiated. The virtue of 
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Tolman’s plausible hypothesis is that it provides potential explana- 
tion for a wide range of learning phenomena. This wide explanatory 
coverage, however, is to be expected in any case where six groups 
of principles are assumed. Certainly, the evidence in support of 
such a classification is far from conclusive, and, in view of the 
relative lack of parsimony involved, it would seem wise to reject this 
view for the time being and until a considerably greater body of 
experimental data forces its acceptance. 

No current view of the learning process represents the field of 
learning as entirely chaotic—that is—with different laws applying to 
every distinguishable learning situation. One or several types of 
learning may be assumed, but always these types are far less numer- 
ous than the number of learning situations they are designed to 
explain. Indeed, were it otherwise, no general psychology of learn- 
ing could exist and the study of learning would consist of a purely 
empirical study of each type and variation of learning situation for 
purely practical reasons. Considering the wide diversity of learning 
situations and the number of different responses which may be 
learned, one is struck more by the generality of learning principles 
than by their diversity. Although no answer may be given to the 
question, how many types of learning are there, at the present time 
it is the writer’s belief that a single set of principles will suffice. 
Certainly this is the parsimonious view to take until such time as 
the necessity for multiple types is conclusively demonstrated. 

A word should be said concerning some of the special problems 
raised by the use of highly complex situations in the study of human 
learning. The factors of language and meaning complicate the study 
of learning in many ways, and a host of special concepts are neces- 
sary to deal with such complex learning situations. All that has been 
said concerning the generality of the laws of learning should not be 
taken to mean that, with complex learning situations, additional 
principles, not present in simple learning situations, may not be 
introduced. All that is implied is that these new concepts are com- 
plications of or additions to the ones used to explain simple learning 
rather than substitutes for them. In many cases, and perhaps even- 
tually in all, it will prove to be possible to derive these additional 
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plex from the simple will undoubtedly increase with additional 
knowledge. 
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established between stimuli, on the one hand, and responses, on 
the other, Thorndike, Hull, and Guthrie may be considered as being 
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emphasize the afferent functions and tend to conceive of learning 


in te oe : a 
X terms of perceptual reorganization or in terms of associated cog- 
Itions, ie., that this stimulus will be followed by that second 


Sti 3 ù aa š 
mulus. In some instances, classical conditioning for example, this 
Cognition ; Š ‘ : esni 

gnition is sufficient, although in cases of instrumental conditioning 
or ie P 
r maze learning, the cognition t ent leads to another is 


ac : fh j 
ccompanied by a second cognitio ior route 
y i a . 

vhich must be followed if this sequence 1s to occur. The student 


will recognize, in this brief statement, the general position taken by 
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vidual than does Tolman. The earlier Gestalt writings of Koffka 
(1935) and Kéhler (1929) emphasize the dynamic interactions of 
the entire perceptual field rather than simple bonds or associations 
existing between two or more items in this field.’ 

A question at once arises whether there is any difference between 
these two conceptions, however different their form may appear to 
be. The crucial question which must be asked is, can any operations 
be found which will differentiate between these two views? In 
other words, do these two general theoretical positions lead to dif- 
ferent deductions which may be investigated experimentally? At the 
present state of our knowledge, it does not appear to the writers that 
any such differentiation is possible. It may well be that this is only 
a pseudo-problem arising from a differential use of words to de- 
scribe the same operations. Certainly, any crucial test would seem 
to involve the occurrence of conditioning in an animal wherein the 
sensory apparatus was intact but in which the response apparatus 
was centrally deactivated during the acquisition process. It is un- 
likely that these operations will become performable in the near 
future, and it appears unlikely that this problem can ever be solved 
at the behavioral, as contrasted with the neurophysiological, level. 

Until neurophysiological answers become available, however, this 
discussion is likely to continue. Such discussion must necessarily be 
confined to an argument about words, i.e., “our words are better 
than your words,” and is evidently futile. In terms of research this 
discussion is likely to have little effect. Both groups will continue 
to devise situations and to measure responses. Between these two 
classes of events, constructs translating the one to the other will 
continue to be developed, and, by whatever name, must inevitably 


possess the same formal mathematical properties if equivalent pre- 
dictions are to be made. 


7 An interesting variation of the concept that learning represents the re- 
organization of percepts may be found in Woodworth’s (1947) paper. 
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The Use of Intervening Variables 


Such constructs relating stimulus and response variables are often 
it eaan a ariables. Such variables stand for the 
me atical manipulations to which the stimulus variables 
are subjected if the response variables are to be predicted. They 
include the mathematical interactions of the stimulus quantities as 
well as certain constants introduced to account for inherent and/or 
bhi am, Maar Pooh a. Although the term, intervening 
, was originally introduced by Tolman, Hull’s (1943, 1950) 
system offers one of the clearest examples of its use. 
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t.. This last intervening variable is then re- 


reacti i 
action potential, sEx. 
measures which serve as experimental 


lated to various response 

indices of learning. 
Intervening variables 

some mathematical system t 


are useful in that they allow a less cumber- 

i han would be obtained if all of the 
stimulus variables and the constants relating to the learner entered 
the formulation simultaneously. On the other hand, Hull's formula- 
tion could be written in a single equation for the prediction of any 


One response measure. 

In connection with this 

ie intervening variables use 
efined in terms of experimen 


discussion, it should be emphasized that 
d in such a system are mathematically 


tal operations or postulated character- 


46 THE PSYCHOLOGY OF HUMAN LEARNING 


istics of the organism. The names given to some of the variables may 
cause misunderstanding and confusion unless it is understood that 
the names mean nothing more than the mathematical definitions. 


Contiguity and Reinforcement 


One of the central issues dividing learning theories concerns 
contiguity and reinforcement (law of effect). For some theorists, 
temporal contiguity of situation and response (Guthrie) or of two 
stimulus-cognitions (Tolman) is sufficient to produce learning. 
Other theorists, such as Thorndike and Hull, have emphasized the 
necessity for subsequent reinforcement or reward.* Before examin- 
ing this issue, it is necessary to make certain distinctions. There is 
little dispute concerning the fact that rewards, non-rewards, and 
punishments (these will be more clearly defined later) have an 
effect upon learned performances. The dispute arises over their 
nature and their mode of operation. Guthrie (1935), for example, 
does not deny the efficacy of rewards in producing learning. He 
does insist, however, that these rewards influence learning in a 
particular way and that the manner of their operation may be 
deduced from more elementary concepts. Under this theory it is 
held that temporal contiguity between a stimulus complex and a 
response is the basic condition of learning. Every time a response 
occurs in strict contiguity with such a constellation of stimuli the 
two become associated completely, in an all-or-none fashion. If the 
stimulus pattern remains unchanged and a second response is 
caused to take place, complete unlearning of the first S-R connection 
and complete learning of the second S-R connection occurs. Reward 
is held to be efficacious in producing learning because it changes 
the pattern of stimulation, both external and internal. Thus, the 
rewarded response is the last response to occur under the stimulus 
pattern which immediately precedes problem solution, the S-R 
connection involved is not “unlearned,” and the response tends to 


8 Although he was one of the originators of the law of effect, Thorndike did 
TOE altogether discount the possibility that small amounts of learning might 
occur as a function of temporal contiguity of stimulus and response, alone. 
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be repeated when next this stimulus pattern is presented. In this 
manner, Guthrie accounts for the observable efficacy of rewards ii 
terms of the principle of contiguity. For Tolman, similarly, reward 
o reinforcement is held to be of little importance. For Tolman 
eae sesh — of epg or hypotheses Scie 

f a ads to what” and rewards and/or punishments 
merely serve the purpose of giving confirmation to these already 
learned cognitions. In this case, the principle of reinforcement may 
be regarded as a principle of performance rather than a principle 
of learning. 

Thorndike and Hull, on the other hand, regard the principle of 
reward as irreducible to more elementary concepts. They are not 
1n complete agreement, however, as to the nature of the reinforcing 
Process, Thorndike (1931) defined reward in terms of Sacha: 


thus: 
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of ns definition was accompanied by a similar definition of an annoying state 
gaa Siks, At this time, Thorndike assumed that satisfying aftereffects caused a 
| ngthening of S-R connections while annoying aftereffects weakened them. 
Ms dual law he later abandoned (1932). It should also be noted that this 
s finition, which merely classifies situations as satisfiers, and non-satisfiers, is 
still tanin with respect to learning as has often been alleged. It may also 
+ the criticism that the law of effect is really a law of affect, although, in 
ana ange it is interesting to note the continuity between this definition 
jade arr’s (1925) and Peters’ (1935) definitions of pleasantness under the 
mental theory of feeling. 
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secondary reinforcing properties, and may subsequently operate to 
reinforce S-R connections in the absence of drive reduction. Thus, 
the chimpanzees in Wolfe’s (1936) experiment, having first learned 
to use tokens to secure food, subsequently learned other problems 
to secure these tokens. Similarly, the rats in Bugelski’s (1938) ex- 
periment associated an auditory stimulus with food reward. This 
auditory stimulus was later shown, in the absence of food reward, 
to possess reinforcing properties. According to Hull’s theory, the 
occurrence of either type of reinforcement immediately following 
a stimulus-response sequence is a necessary condition for the learn- 
ing of that sequence. 

A few words concerning the nature of secondary reinforcement 
should be introduced here, in view of the fact that this concept is 
one of the most powerful explanatory mechanisms in the repertoire 
of the reinforcement theorists (cf. Melton, 1950). Not only does this 
concept provide potential explanations, in reinforeement terms, for 
learning phenomena, such as latent learning, which lie beyond the 
explanatory reach of the concept of primary reinforcement, but it 
also serves to make reinforcement theory more plausible in certain 
other respects. For example, the series of studies on the delay of 
reward from Watson (1917) to Grice (1947) have shown that, as 
the number of secondary reinforcing stimuli are reduced, immediacy 
of reward becomes increasingly essential for efficient learning. In 
the absence of secondary reinforcing stimuli, the type of goal 
gradient function assumed in the early work of Hull (1932) has 
become untenable. In fact, Grice’s results stress the need for such 
immediacy of reward that ordinary feeding becomes an improbable 
source of reinforcement for considerable amounts of learning, since 
the time between the performance of the correct response and the 
actual drive reduction caused by food-in-the-stomach-and-blood- 
stream is too long for efficient learning. Secondary reinforcement, of 
course, provides an answer to this problem. Since sight, odor, etc., 
of the food, and especially the sensations of food-in-the-mouth, have 
so consistently been associated with drive reduction, food itself has 
become a powerful secondary reinforcing stimulus (regardless of 
whether or not it is ingested). It may be true that in many experi- 
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source of reinforcement. Regarding the problem of the goal gra- 
dient, Spence (1947) has proposed that this be considered as a 
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stimuli. This is, of course, essentially the view which has been 
presented in the preceding paragraphs. On the other hand, sec- 
ondary reinforcement may be considered as consisting of the reduc- 
tion of a secondary or learned drive state (cf. Miller and Dollard, 
1941), Some types of learned responses result in a considerable 
amount of response-based stimulation. Learned emotional responses, 
for example, exhibit this characteristic. Just as primary reinforce- 
Ment may be taken to represent a reduction in a primary drive state 
(hunger, thirst, pain, etc.), so secondary reinforcement may be 
interpreted as a reduction of a learned drive state. At the present 
it is probably best to retain, as separate concepts, 
Secondary reinforcement and secondary drive reduction, both to 
be considered as reinforcing states of affairs.‘ 

Crucial evidence in support of or contrary 
reinforcement in its various forms does not exi 
is probable that no operations for the performance of 
periment exist. Thus, the rcement stated as drive 


reduction probably cannot be 
Guthrie’s deduction of the same empirical rel 


time, however, 


to the principle of 
st. In some cases, it 
a crucial ex- 


principle of reinfo 
differentiated experimentally from 


ationships from the law 


‘mental data may require the consolidation of 
dicating their separateness could be obtained 


10 Ry, d á 
Ev entually, of course, experi 
h secondary drive reduction could 


t ; = : f 
hese concepts. Crucial evidence in t 
y demonstrating that stimuli associated wit 
acquire secondary reinforcing characteristics. 
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of contiguity. The studies of latent learning, initiated by Tolman 
and his associates and carried on later by Spence and his followers, 
offer conflicting evidence, both experimentally and theoretically, 
concerning this issue. The conditions under which latent learning 
may occur are in some doubt, for while Blodgett (1929), Tolman 
and Honzig (1930), Buxton (1940), Meehl and MacCorquodale 
(1948) and Seward (1949) have obtained evidence supporting the 
existence of latent learning under some conditions, the results of 
Reynolds (1945), Spence and Lippitt (1946), Kendler (1947), Grice 
(1948), and Kendler and Mencher (1948) have not. As Hilgard 
(1948) and Melton (1950) have observed, latent learning may be 
obtainable only under conditions of relative satiety during original 
training. In view of the conflicting evidence regarding latent learn- 
ing, and in view of the possibility that secondary reinforcement 
plays an important role in these latent learning experiments, this 
type of evidence probably cannot be regarded as crucial at the 
present time. 

Relatively powerful evidence favoring the necessity for a prin- 
ciple of reinforcement is found in the work of Loucks (1935) who 
failed to condition leg flexion elicited by faradic stimulation of the 
motor cortex (in place of an unconditioned stimulus). When food 
reward followed the flexion response (thus elicited), learning oc- 
curred, but without this additional source of reinforcement no con- 
ditioning was obtained. Similarly, the study of Loucks and Gantt 
(1937) demonstrated that conditioning of leg flexion elicited by 
electrical stimulation of the spinal cord would not occur unless pain 
fibers (with the attendant opportunity for reinforcement) were 
stimulated. A considerably greater number of studies employing 
this promising technique should be brought to bear upon the 
problem of reinforcement. 

In the studies of human learning, rewards and punishments typi- 
cally take the form of symbols (“right” and “wrong”), or in terms 
of some other indication of the learner's progress. Reinforcement of 
this type is often referred to as “knowledge of results,” and may be 
interpreted in terms of secondary reinforcement and secondary 
drive reduction. The extensive experiments of Thorndike and his 


SOME THEORETICAL CONSIDERATIONS 51 


followers have demonstrated the efficacy of this type of reinforce- 
ment. ayy. f r 5 < : i 
nt. It may be shown that such knowledge of results is a more 
aaa factor than relatively mild nociceptive stimulation. Thus, 
olme alj, é retni 32) f f ivi i 
i an, Hall, and Bretnall (1932) found that giving electric shock 
; correct responses caused learning of those responses (by human 
adults). The subjects, in this case, of course, understood that shock 


would serve this informative function. 


The Principle of Frequency 


The law of frequency is one of the oldest and most widely ac- 
cepted principles of learning. It is also one of the least specific. In 
order to give meaning to this law it is necessary to answer two basic 
questions: Is frequency necessary, and if so, what is it that is 
frequent? Í ; 


of the experimental variables of 


Frequency is, of course, one 
against which 
g 


learni : f : é 
earning experiments and is typically the variable 
Progress is plotted in drawing learning curves. The usual finding, 


of Course, is that learning progresses with frequency. Nevertheless, 
€ £ 


the role of frequency in producing this improvement is subject to 
& number of theoretical interpretations. On the one hand, learning 
may be regarded as a gradual process, in which frequency is the 

earer of the incremental effects of practice. On the other hand, 
learning may be regarded as a sudden process. In this case, fre- 
quency serves as a bearer for the conditions under which sudden 
learning occurs. A number of presentations may be required, for 
example, to make these conditions combine in a manner favorable 
to the occurrence of learning. 
; If learning is regarded asa gradual process, the role of frequency 
*S obvious, From one trial to the next, increments in habit strength 
Summate so that, other things being equal, the most frequently 
Practiced habit becomes the strongest. The associationistic school, 
Senerally, the Paylovians, the Thorndikians, the Watsonians and 
the Hullians are representatives of this point of vie 


3 For other theorists, a frequency of greater than 
5 being unnecessary (at least in theory ) and the apparently gradual 


W. 
one is regarded 
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nature of learning is explained as being an artifact of the methods 
of experimentation and measurement. The Gestalt school, generally, 
and, surprisingly, Guthrie, take this point of view. The de-emphasis 
which the Gestalt school has placed upon the principle of frequency 
undoubtedly stems from the tendency to use insight as an explan- 
atory principle of learning. Since insight is, by definition, a sudden 
process, frequency becomes a relatively less important principle. 
Under these circumstances, frequency serves the function of provid- 
ing the conditions which favor insight. These may be repeated 
frequently, but insight itself is achieved suddenly."’ According to 
this point of view, situations may be arranged which so favor the 
occurrence of insight that it may occur on the first presentation of 
the situation to the subject. The apparently gradual form of the 
relationship between improvement and frequency is regarded as 
resulting from two artifacts: the massing of data and the failure to 
measure partial insights. If, in a group of subjects, each subject 
achieves insight at a different point in practice, the learning curve 
becomes the summation of such all-or-none improvements over the 
entire group. With a sufficiently large number of subjects, the learn- 
ing curve will be relatively smooth and, if it be assumed that time 
to achieve insight is normally distributed, will approach the form 
of the normal ogive. Negatively accelerated curves may be produced 
if the problem is relatively easy so that the bulk of the subjects 
achieve insight early in practice. The fact that individual as well as 
group learning curves show gradual improvement may be explained 
by the occurrence of “partial insights.”!* This explanation is a rather 


11 A special aspect of this point of view is the non- 
crimination learning proposed by Lashley (1929) 
sky (1932, 1938). According to this viewpoint, 
process wherein the trials which have preceded 
(hypotheses) supposedly have no effect upon the 
performance. Opposed to this is the continuity vie 


continuity theory of dis- 
and elaborated by Krechev- 
learning is a discontinuous 
the attainment of insight 
nature of the post-insight 
wpoint which has been vig- 


ssfully ) defended by Spence 


learning was not insightful, i.e., occurred 


played ‘its usual role. Such learning situations, however, are held to be arti- 
atypical of learning in the natural state. 
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weak one, however, especially when it is applied to relatively 


homogeneous learning tasks. 


The status of the concept of insight in the 
an empirical phenomenon, 


the most usual defini- 


psychology of learn- 


ing need be mentioned only briefly. As 
n defined in a number of ways, 
n solution of a problem situation and 


of such problem solutions. Defined 
hat insight occurs. Whether this 
concept can now be used to e the phenomena which define it 
is another matter entirely. In view of this circularity, the value of 
the concept of insight for explanatory purposes is highly question- 
able. Particularly is this true in view of the probability that the 
empirical phenomenon of insight may be itself explained in terms 
r of training (cf. Harlow, 1949). 

ation of the role of freque 


insight has bee 
tions being in terms of sudde 
relatively high retention value 
in this way, there is little doubt t 
xplain 


of transfe 

Guthrie's explana 
According to Guthrie (1935) 
all-or-none process. Whenever 
ct temporal contiguity, 
associated. This 
more, is assumed to be less the stimuli in question 
ed to another response. The gradual nature of im- 
d in terms of the inconstancy of the stimulus 
impossible to reprod 
Guthrie, frequency se 
a greater and greater num 
trials, the response has been con- 


of stimulus variations and, hence, 
cular stimuli 
o determine 


ney is highly ingenious. 
_ learning is a sudden, automatic, and 
a stimulus complex and a response 
occur together in stri these two events are 
assumed to become completely association, further- 
permanent un 
become associat 
provement is explaine' 
situation. It is undeniably 
tions exactly. According to 
conditioning the response to 
uli, so that, after a number of 


ditioned to a considerable range 
elicited on a given trial by the parti 


ense, then, frequency acts t 
d rather than the strength of a single 
ement which we observe becomes an 
measurements to distinguish between 


uce stimulus situa- 
rves the role of 
ber of stim- 


is more likely to be 
operating on that trial. Ina s$ 
the number of habits learne 
habit, and the gradual improv 
artifact of the inability of our 
these two events. 

The question, what is frequent, is more difficult to answer. From 
the time of Aristotle through the ass 
ing, frequency has usually referred t 


ociationistic treatment of learn- 
the frequency of contiguous 
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experiences, movements, ideas, or stimuli and responses. It is true 
that most associationists recognized that some other factors than 
contiguity (recency, similarity, and vividness, for example) played 
a role in learning. The typical treatment, however, made temporal 
contiguity the reference point for the operation of all of these condi- 
tions as well as for the operation of frequency. This may be seen, 
even at the present time, in experiments which demonstrate that 
frequency, alone, has little influence. Such experiments are usually 
designed to show that contiguity without reinforcement is not 
productive of learning, but the tendency to identify frequency with 
contiguity, alone, is instructive. Quite obviously, frequency must 
refer to the conditions of the learning process. If these are multiple, 
then frequency should be applied to them together. In view of the 
current disagreement concerning the nature of the necessary and 
sufficient conditions of learning, the answer to this question will 
vary from one theory to another. 

Tolman’s position, for example, does not differ greatly from that 
of the British associationists. For Tolman, frequency refers to the 
temporal contiguity of experiences. For Guthrie, as we have seen, 
frequency is an unnecessary fundamental concept. As far as learn- 
ing is concerned, a frequency of one is sufficient, and that frequency 
of one refers to a contiguous occurrence of a stimulus and a re- 
sponse. For Guthrie, frequency is a law of performance rather than 
a law of learning. 

The reinforcement theorists, however, face a more difficult situa- 
tion if they decide that both temporal contiguity and the principle 
of reinforcement must be included. Miller and Dollard (1941), for 
example, speak of four essential conditions of the learning process. 
These are drive, stimulus, response, and reward. However, the 
interrelations of these variables causes further increase in the num- 
ber of conditions. These four events (when occurring in proper 
order and sequence) constitute a single trial or unit of practice. 
Frequency refers to the number of such trials or constellations of 
conditions. In a similar way, Hull (1943) in his earlier formulation 
considered that habit strength accumulated through fre 


quency of 
reinforcement to a theoretical maximum value. This maximum value 
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(and hence, in this system, the size of the increment resulting from 
each trial) was determined by three factors: kind and amount of 
reinforcement, degree of temporal contiguity of stimulus and re- 
ay of reinforcement. The effect of fre- 
(and it should be emphasized that the 
o Hull’s intervening variable, sHpr) 
depends, then, upon these three conditions.’ Hull (1943, 1950) 
also introduces frequency in connection with the formation of his 
inhibitory intervening variable, Ip. Thus, frequency of practice has 
a decremental effect upon performance." 
will be discussed in the 


sponse, and amount of del 
quency upon habit strength 
term, habit strength, refers t 


both an incremental and 
This treatment of inhibition, however, 
following section of this chapter. 

has typically referred to a single condition 
of learning which was considered to be “sufficient.” Usually this 
; n the contiguous occurrence of the associated 
items. The development of reinforcement theory, however, has 
forced a broadening of this reference base. Miller and Dollard 
(1941), for example, consider four conditions and their inter- 
relations as being basic conditions of learning. Frequency refers to 
the combination of these conditions which may exist in any learning 


situation. Similarly, Hull (1943) made frequency refer to a group 
nditions. It is to be expected that, as knowledge 


necessary at all, will eventually refer to all 
regular incremental or decremental 


The law of frequency 


condition has bee 


of experimental co 
increases, frequency, if 
of the conditions which have 


effects upon learning. 
Hull (1950) regards reinforcement as the 


only condition of habit strength. Other factors relating to the delay of ssiakeree 
ment, etc., become determiners of performance rather than of habit, ioe h, 
It is difficult to agree that this modification has strengthened the predictive 
Power of Hull's system. Under the latter arrangement, of course, frequency 


tefers only to the number of reinforcements. 
“ One 7 infortunato deduction follows from both the 1943 and the 1950 


Systems. Since şHp, once it reaches its maximum, is no longer iin by 
continued reinforcement, since Ip does not subtract from sHp an since no 


i ial i i or conditions of rein- 
Provision is made for differential increments in Ip under conato dee 
it follows that, as soon aS sp reaches its 


fore 3 

ement and non-reinforcement, n : f 

imi i or C s erlearnin 

imit, performance should decline as rapidly under conditions of over E 

(continued reinforcement) as under conditions of extinction (non-reinforce- 
owever, by having Ip subtract from 


Ment). This situation could be avoided, h n 
the value of N (number of reinforcements ) rather than gE p 


13 In his later postulate system, 
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Decremental Factors in Learning 


Learning is not entirely an incremental process. During learning, 
following practice, and under certain other conditions, inhibitory 
factors are in operation. These serve either to slow the acquisition 
process or to cause a decrement in the retention of learned per- 
formances. On the other hand, decremental factors do not always 
have an adverse effect upon learned performances. In complex 
learning situations, they serve to cause variability of response dur- 
ing the presolution period and to produce heightened efficiency of 
the habitual performance thereafter. Every elimination of an in- 
correct or inefficient mode of behavior during the course of prac- 
tice involves the operation of one or more of the decremental 
factors, although the end result is positive in terms of measured 
performance. 

In conditioned response learning, the phenomenon of experi- 
mental extinction is found. This occurs whenever the conditioned 
stimulus is given for a number of trials without being paired with 
the unconditioned stimulus. More generally, extinction tends to 
occur under conditions of non-reinforcement. Pavlov (1927) ex- 
plained extinction in terms of a theoretical construct known as 
internal inhibition. This inhibition developed during practice (re- 
inforced or non-reinforced) and dissipated in time. By means of 
this hypothesis, Pavlov was enabled to explain a good many of the 
conditioning phenomena, such as the differential effects of massing 
trials during conditioning and extinction, inhibition of conditioning, 
spontaneous recovery, and, with a few additional assumptions, 
phenomena such as disinhibition. For Pavlov, performance was 
largely determined by the interaction of the factors of excitation 
(built up during reinforced trials and relatively permanent) and 
internal inhibition. Opposed to an internal inhibition interpretation 
is the interference or counter-conditioning theory of extinction 
proposed by Guthrie (1935) and Wendt (1936). Such a theory 
holds that extinction is due to the fact that during unreinforced 
trials, the learner acquires other (and interfering ) 


} ii i associations to 
the conditioned stimulus, thus causing a disap 


pearance of the 


SOME THEORETICAL CONSIDERATIONS 57 


originally conditioned response. This hypothesis has the advantage 
) ) g 
of being continuous with the retroactive inhibition explanation of 


the forgettng of complex habits. Its disadvantage is that it does not 


explain conditioned response phenomena nearly as adequately as 


does the internal inhibition theory.’® This is not surprising since 
Pavlov’s hypotheses were designed to explain these phenomena. 
On the other hand, some intervening variable which has the same 
as internal inhibition seems to be required if the 
facts of conditioning and extinction are to be explained. It is, of 
course, possible to employ such a concept without accepting 
Pavlov’s somewhat doubtful physiological interpretation of internal 


inhibition. 
Hull (1943) proposed a tw 


of these factors is called reactive in 
of the same formal properties as Pavlov’s concept of internal in- 


hibition. It does have the additional important characteristic of 
being determined by the amount of work performed by the organ- 
ism in making the response. Reactive inhibition is supposed to 
develop during practice (reinforced or unreinforced) and to dis- 
sipate with time. Rate of development depends upon the amount 
of work performed in making the response. The second of Hulls 
inhibitory factors corresponds more nearly to the counter-condi- 
tioning view. This factor (sIr) is conceived as a habit of not-re- 
sponding. This habit develops due to the reinforcement received 
when the organism ceases to respond. As a 
, and, as such, is useful in ex- 
tions and the failure of 
Ip and slr summate, in 


formal properties 


o-factor theory of inhibition. The first 
hibition (Ir) and possesses many 


from a decrease in Ip 
habit phenomenon, slp is permanent 
plaining the effects of successive extinc 


complete spontaneous recover to occur. 
15 Although an extensive review of the evidence on this matter would be out 
of place here, the interference Or counter-conditioning theory has difficulty in 
explaining: (1) the lack of correlation between rate of learatni gad mae or 
extinction, (2) the differential effects of massed practice doras camng an 
extinction, (3) the differential drug effects which are obtaine uring Teng 
and during extinction, (4) the fact of spontaneous recovery, (5) re di eren- 
tial effects of an extra stimulus introduced during conditioning an Ce 
(external inhibition and disinhibition ), and (6) the occurrence of w hake py 
called inhibition of the second order. This last phenomenon requires veri Si 
tion, but, if verified, would constitute strong evidence against a counter-condl- 


tioning theory. 
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Hull’s system, to subtract from the reaction potential (sEr) pro- 
duced by habit as multiplied by drive. 

In a recent paper, Tolman (1949) has proposed that six types 
of learning exist. Each of these, presumably, obeys different laws 
with respect to acquisition. What about negative factors? Tolman 
avoids this problem in the case of four of these types: in two cases 
by assuming the decremental effects do not occur, and in the other 
two, by noting that no information exists. In the case of the learn- 
ing of field expectancies, however, Tolman appears to subscribe 
to a modified form of the law of disuse. Weakening as a result of 
the mere passage of time is held to occur, but this weakening is not 
merely a fading out process. Instead, the field expectancies become 
distorted according to the organization of the individual under 
Gestalt-like laws. Concerning the retention of motor patterns, how- 
ever, Tolman adopts a counter-conditioning point of view, that is, 
one motor pattern is forgotten because another incompatible move- 
ment pattern is learned. 

The forgetting of complex tasks evidently does not follow the 
relatively simple pattern of experimental extinction. Best evidence, 
at the present time, would seem to indicate that forgetting is at- 
tributable to three sets of conditions: altered stimulus context, 
altered set to perform, and retroactive inhibition. The relative im- 
portance of these three variables depends, of course, upon the 
nature of the forgetting situation and the task which is forgotten. 
Furthermore, several of these general conditions of forgetting are, 
themselves, complex, and require analysis and explanation. For 
example, retroactive inhibition may be more or less adequately 
accounted for by a number of hypotheses and may include experi- 
mental extinction as one of its conditions (cf. Melton and Irwin, 
1940). 

Forgetting under the so-called law of disuse is, however, not ac- 
ceptable to those who are working in the field of retention and 
forgetting. Despite the many vigorous attacks which have been 
made upon it for many years, however, (McGeoch, 1932) the prin- 


ciple of disuse is still invoked by some theorists as an explanation of 
forgetting, 
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The Relation of Special to General Theory 


In the field of learning, many special theories exist. These are 
limited hypotheses aimed at the explanation of relatively isolated 
phenomena. Most of these special hypotheses have not been men- 
tioned in this chapter, but will be covered in contexts appropriate 
to their content. General theories, of course, are those which apply 
to a greater body of learning phenomena, and, at the upper limit of 
generality, become systems of psychology encompassing, not only 
the data of learning, but other facts of psychology as well. Accept- 
ance of special theories is not entirely determined by their adequacy 
to explain the limited group of phenomena they are intended to 
adopts a completely eclectic point of view, 
a certain consistency of approach must be observed. Under a certain 
general systematic approach, one cannot accept certain special 
hypotheses and retain logical consistency. This is because the con- 
cepts implied by the one conflict with those necessary to the other. 
Furthermore, even two special hypotheses concerning essentially 
ntradict each other. For example, if 
two-factor theory of retro- 
a counter-conditioning 


encompass. Unless one 


different phenomena may co 
one adopts Melton and Irwin’s (1940) 


active inhibition, one cannot logically accept 
xtinction. This is because the two-factor 


inhibition is attributable to negative 


transfer or interference and also to experimental extinction. One 
cannot, then, explain extinction in terms of negative transfer or 
interference, since that assumption would reduce the two-factor 
reory. In this way, many special hypoth- 
a demonstration of the validity of one 
al theory in 


theory of experimental e 
theory holds that retroactive 


theory to a single-factor tl 
€ses are interrelated and 
hypothesis may force the rejection of some other speci 


a different area. 
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CONDITIONED RESPONSE LEARNING 


INTRODUCTION 


Since. the results of Pavlov’s (1927) work have become generally 
normous amount of research activity in 
the field of conditioned response learning. There are a number of 
arity of this approach to the study of learning. 
From the standpoint of this book, the most important of these is that 
conditioning techniques permit the relatively precise determination 
of various relationships W assume to be fundamentally 


true of the learning proces his assumption is 
course, ve seen in Chap- 


known, there has been an ¢ 


reasons for the popul 


hich we can 
s in general. That tl 
debatable, as we ha 
of the processes and relationships 
earning undoubtedly apply to the 
d skills. In consequence, we find 
arch have been a fruitful source 
ation of more complex 


entirely correct is, of 
ter II. On the other hand, some 
involved in conditioned response l 
learning of more complex habits an 
that the results of conditioning rese 
for theoretical concepts used in the explan 


forms of learning. 

In view of the enormous literature 
act that muc 
book, it is impossible tl 
n hope 
d to describe som 
ermined in these situa- 
many individual 


on conditioned response learn- 


h of this literature falls slightly 
horoughly to review 


to describe some of 
e of the 


ing, and in view of the f 
outside the scope of this 
conditioning studies here. At best, we ca 
the important conditioning situations an 
important relationships which have been det 
tions. It will not be feasible, 
studies of conditioned response le: 


however, to cite very 
arning. 


THE CLASSICAL CONDITIONED RESPONSE 

situation for the study of conditioned response 
ll known that a detailed description of it 
it involved pairing an originally 


Pavlov’s (1927) 
learning in dogs is so We 
fo) 


is probably unnecessary: Briefly, 
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neutral stimulus with one which had the capacity to evoke the 
natural reflex of salivation. Thus, a tone, presented contiguously in 
time with meat powder introduced into the dog’s mouth, eventually 
acquired the capacity to elicit the salivary response. Haters such 
training, of course, tones do not have this property. This type of 
learning situation is often described as being a classical conditioning 
situation. If we move from the specific characteristics of Pavlov's 
conditioning situation to the general and essential features of it, 
we may note that the classical conditioning situation consists of (a) 
an originally neutral stimulus called a conditioned stimulus, (b) a 
stimulus which has the characteristic of evoking one of the natural 
reflex responses of the learner, termed an unconditioned stimulus, 
(c) the reflex response to this unconditioned stimulus known as an 
unconditioned response, (d) the pairing together in time of the 
conditioned and unconditioned stimuli, and (e) the eventual oc- 
currence of a response which closely resembles the unconditioned 
response, but made in response to the conditioned stimulus, known 
as a conditioned response. It is apparent that classical conditioned 
response learning is not limited to salivary conditioning. Rather, any 
of the natural reflexes of the body may probably be conditioned. 
It should be noted, however, that some reflex responses are more 
“conditionable” than others. This is unquestionably due, in part, to 
the relative adequacy and inadequacy of the laboratory techniques 
involved in the study of different kinds of reflexes, but there are 
probably differences also in the “conditionability” of different re- 
flexes which depend upon characteristics of the learner rather than 
upon the skill of the experimenter. The important thing to note in 
this connection, however, is that the types of response which may 


be learned by the techniques of classical conditioning are limited 
by the reflex repertoire of the learner. 


1 Elaborate techniques for isolating the learner, for controlling the stimuli, 
and for measuring the responses which the learner makes have been evolved. 
An extended discussion of these would require much space and would be some- 


what out of place in a work of this kind. It may be said, however, that the 
higher the degree of isolation of the learner with the consequent removal of 
extraneous stimulation, and the higher the precis 


trane : ion of control over the relevant 
stimuli, the greater will be the efficiency of learning. 
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oT paa of species, including, of course, the human 
N rpd : ae itioned under the procedures outlined above. 
sins pis : any form of stimulation to which the learner is 
dat ry $ enpas as a conditioned stimulus, the primary 
pasion ng that the conditioned stimulus is not so intense as to 
s ponses which interfere with the conditioning process.’ 

P It should also be noted that, in the classical conditioning situation, 
Misik saag paih stimulus is presented on every learning trial, 

£ s of any response made by the learner. In this respect, 


classical © TEE" ği z 
al conditioning differs from instrumental conditioning ( some- 


times ci eat r 
s called operant conditioning), which is discussed in a later 


Section of this chapter. 


Phenomena and Relationships Involved 


in Classical Conditioning 


sition of conditioned responses. Condi- 


tione 
ed reflexes are acquired gradually. Although the rate and final 
ions of practice, the 


amount of conditioning depend upon the condit 

general course is a gradual one. Conditions which influence the 
ees of conditioning include the relative massing of the condi- 
Honing trials, the intensity of the conditioned and unconditioned 
stimuli, and the degree of temporal contiguity between them. The 
nature of the learning curve relating practice to performance 
Varies, also, with the types of measure employed. In general, how- 
ne the learning curve is usually either of the negatively acceler- 
n variety or of an S-shaped type. The acquisition process may 
9e interrupted if an extraneous stimulus is introduced during train- 
mg, Thus, if a dog is being conditioned to salivate to the flash of 
` light (as a conditioned stimulus), an unfamiliar auditory stimulus 
introduced into the situation may cause the temporary dropping out 
or the conditioned response. Such interference is known as external 
inhibition, Its occurrence is one of the facts which require isolation 


(A) The course of acqui 


) and to Hilgard and Marquis (1940) 


iscussions of technique and a description of the organisms and responses 


which ha 
have been conditioned. 


? The reader is referred to Hull (1934 


or d 
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of the learner and a rigid control of the stimuli involved in the 
learning process. 

(B) The course of retention of conditioned responses. The reten- 
tion of conditioned reflexes has, perhaps, not received as much 
research attention as this topic deserves. There is every indication, 
however, that conditioned reflexes are retained at an extremely high 
level over very considerable periods of time. The lack of systematic 
information on this point is undoubtedly due to the fact that decre- 
ments in conditioned responses are so easily produced experimen- 
tally. This is accomplished by presenting the conditioned stimulus 
for a number of trials without pairing it with the unconditioned 
stimulus. The resulting disappearance of the conditioned response 
is known as experimental extinction. If, during the re 
val, the learner is protected from stimuli which rese 
tioned stimulus, little or no decrement in the 
will be obtained. It is, thus, safe to 
tinction is the prim 
reflexes are lost, 


tention inter- 
mble the condi- 
conditioned response 
assume that experimental ex- 
ary mechanism by means of which conditioned 


Ordinarily, experimental e 
toa negatively acceler 
ever, can disrupt the 
it is of moderate inte 


xtinction occurs gradually according 
ated function.’ Extraneous stimulation, how- 
extinction process. Such an extra stimulus, if 
nsity, may produce disinhibition, which is a 
temporary reappearance of the partially extinguished response. If 
the extra stimulus is of greater intensity, however, a response 
ment rather than a response increment may result. 

Rate of experimental extinction depends upon a number of con- 
ditions. One of the most important of these is the de 
of the extinction trials. Altho 
more rapidly under distribute. 
under massed trials. 


decre- 


gree of massing 
nerally proceeds 
curs most rapidly 


ugh conditioning ge 
d trials, extinction oc 


hen learning has occurred by 


ve shows an initial rise. This 
À disinhibition of “inhibition of 
which has accumulated during the conditioning trials. The 
ect results from the change in the stimulus complex when the 
timulus is omitted (cf, Hovland, 1936). 

ained by Reynolds (1945b) demonstrate that the 
stribution in extinction depend upon r 


unconditioned s 
* Results obt: 


massing and di effects of 
ate of practice in condi- 
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Following experimental extinction, if a rest period is introduced 
the effects of extinction tend to dissipate and the originally leaned 
response may again be given upon presentation of the conditioned 
stimulus. This process, known as spontaneous recovery, is rarel 

complete, however. Furthermore, amount and rate of EA i 


recovery can be reduced by sub-zero extinction, i.e. by continuing 


FIRST EXTINCTION SECOND EXTINCTION 


CONDITIONING 


SPONTANEOUS RECOVERY 


STRENGTH OF CONDITIONED RESPONSE 


REST |UNREINFORCED TRIALS 


REINFORCED TRIALS UNREINFORCED TRIALS 


ITIONING PHENOMENA 
and a second extinction are 
ewhat less regular than 


Fic. 6. Some REPRES NTATIVE COND! 


Conditioning, extinction, spontaneous recovery, 
shown. The curves are schematic, real data being som 
these. Note that spontaneous recovery is not complete and that the second ex- 
tinction is more rapid than the first. The effects of extraneous stimulation during 
conditioning and extinction (external inhibition and disinhibition) are shown 


at the points labeled A and B. 


ditioned response 


ssive series of extinction trials, with 
y more rapid 


em, result in successivel 
and successively smaller amounts 
permanent extinction 


to give extinction trials after the measured con 
has dropped to zero. Succe: 
recovery occurring between th 
losses of the conditioned response 


of spontaneous recovery until, eventually, 


may be achieved. 


tioning. His findings show that massed extinction trials cause faster extinction 
when learning has been by distributed practice, but that no difference is ob- 
Led (opus chased anid distributed extinction trials when learning has been 
by massed practice. 
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Some of these phenomena of conditioning, extinction, and spon- 
taneous recovery are presented schematically in Figure 6. This 
diagram presents, in idealized form, results which might be ob- 
tained in a number of different experiments on conditioning 

(C) Stimulus generalization. A conditioned response which has 
been established so that it may be elicited by a particular condi- 
tioned stimulus may also be elicited by other, similar, conditioned 
stimuli. The magnitude of such a generalized conditioned response 
depends upon the similarity between the conditioned stimulus used 
in original training and the stimulus used in the test of gencral- 
ization. Figure 7 illustrates this gradient of stimulus generalization 
for the conditioned galvanic skin response in man. Similar gradients 
may be obtained in other situations. 

Concerning the fact of stimulus generalization, little doubt exists. 
The interpretations of this phenomenon, however, have led to a 
certain amount of disagreement. This disagreement springs, in 
part, from the fact that there are two identifiable me 
terms of which stimulus generalization can occur, F 
(1943) terminology, these may be re 
ondary stimulus generalization. 


chanisms in 
ollowing [Hull's 
ferred to as primary and sec- 
Primary stimulus generalization 
depends upon the innate organizing properties of the organism, 
that is, upon inherent dimensionalization of the afferent results of 
stimulation. Secondary stimulus generalization, on the other hand, 
rests upon a previous learning process or a dimensionalization which 


results from previous experience. In 1946, Lashley and Wade called 
into question the existence of the 


gradient. According to this view 
from the dimensionalization of 
Without such prior experience, 
occur and perfect (i.e., 100 per cent) 
Hull (1947) has reviewed the evide 
argued strongly for the 
eralization gradient. L 
and Grice and Saltz ( 


Hull. F urthermore, th 
identical, 


primary stimulus generalization 
» all stimulus generalization resulted 
stimuli in terms of past experience. 
it is held, discrimination would not 
generalization should result. 
nce on this matter and has 
genuineness of the primary stimulus gen- 
ater results obtained by Grice (1948b, 1949) 
1950) offer Support to the position taken by 


e fact that no two stimulus situations are ever 


so that, without primary stimulus generalization, no 


CONDITIONED RESPONSE LEARNING 69 


learning involving more than a single trial could occur, would seem 
to weigh heavily in favor of such a concept.” 


19 


18 


[IN M.M.) 


AMPLITUDE OF GALVANIC RESPONSE 


(0) l 
STIMULI 
Fic. 7. COMPOSITE Curve oF SENSORY GENERALIZATION 
(From Hovland, J. gen. psychol., 1937, 17, p- 136) 
Galvanic skin response to conditioned frequency of tone (o) and to other 
tones 25, 50, and 75 jn.d.’s removed in frequency (1, 2, and 3, respectively ). 
Based upon 40 values (2 determinations upon each of 20 subjects) for each 


point. 


applies not only to 


as a phenomenon, 
on. The gen- 


Stimulus generalization, 
also to the effects of extincti! 


the effects of training, but 
ta stimulus-generalization-by-identical-elements 
taken by Guthrie (1935). This, however, places 
hese elements may be. The student 
tters on pages 188-197 of his 


è One could, of course, adop 
Point of view similar to the one 
One in the position of having to define what t 
is urged to read Hull's discussion of these ma 


(1943) book. 
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‘alization gradients for excitation and extinction are, almost cer- 
inly, of the same general form. ON 
(D) Time intervals in conditioning. The classical apnditionng 
tuation is an excellent one for the study of time relations pes 
imulus and response. Such studies are, in effect, concerned with 
1e classical law of contiguity. In terms of the experimental oper- 
tions which are performed, however, it is the interval between 
1e conditioned and the unconditioned stimuli rather than the 
iterval between stimulus and response which is varied. There are 
number of different types of temporal arrangements which may 
e employed. These are usually identified as: 

(1) Simultaneous conditioning, wherein the conditioned stimulus 
; initiated simultaneously with the unconditioned stimulus. Ac- 
ually, this is a temporal relationship which is unfavorable for the 
ccurrence of conditioning. Usually, therefore, the term, simul- 
Aneous conditioning, is used also to denote the relationship wherein 
he conditioned stimulus precedes and overlaps with the uncon- 
itioned stimulus by a short time interval, usually of less than five 
econds (cf. Hilgard and Marquis, 1940). 

(2) Backward conditioning involves the a 


onditioned stimulus after the uncondi 
here is some dis 


dministration of the 
tioned stimulus. Although 
agreement regarding whether or not any condi- 
ioning results from this procedure, all inve: 
nent that it is an extremely inefficient condi 
mounts of backward conditioning have 
nvestigators, but there is a distinct 
een due to the occurrence of pseudo-conditioning,* 

(3) Delayed conditioning occurs when the conditione 
s initiated sometime before the unconditione 


stigators are in agree- 
£ £ 
tion of practice. Small 
been obtained by some 
possibility that this may have 


d stimulus 
d stimulus and is al- 


€ An experimental test of this possibility w 
n both groups, neutrality of the condition, 
stoup I would receive a number of backw: 
vould receive an equal number of presen 
Jone, Subsequent equality of the groups 
esponse” elicited by the conditioned sti 
vard conditioning could be account 


ould involve the use of two groups. 
ed stimulus would be tested. Then 
ard conditioning trials while Group II 
tations of the unconditioned stimulus 
in respect to amount of “conditioned 
mulus would demonstrate that back- 
ed for by pseudo-conditioning, 
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low i i iti 
ved to continue until the unconditioned stimulus is administered 


Under these circumstances, a number of characteristic phenomen: 
may be noted. Very early in training, there is, of course a lea a 
response to the conditioned stimulus. As training progresses pee 
ever, and the conditioned response is formed, ie tends to recta we 
d stimulus is initiated. With continued death: 
d response tends to move “backward” 


before the time when the uncondi- 


soon as the conditione 
ing, however, the conditione 
in time, so that it occurs shortly 
tioned stimulus is given. This shift in the time of occurrence of 
delayed conditioned responses involves the building up of inhibition 
of delay. It may be shown that actual suppression of the conditioned 
ring this delay period, for, if an extraneous stim- 


response occurs du 
during this time, disinhibition occurs and the 


ulus is administered 

response is given immediately. 
(4) Trace conditioning is very 

only difference being that the conditioned stimulus is initiated and 


terminated before the unconditioned stimulus is administered. The 
same phenomena, involving the inhibition of delay, occur during 
trace conditioning as occur during delayed conditioning.” In both 
difficult as 


cases, it should be noted, conditioning becomes more 
the time interval between the onset of the conditioned and un- 


conditioned stimuli increases. 

Some of these temporal relations 
e 8, which shows the rela 
er withdrawal and the 
d unconditioned stimuli. 
n illustration because it 
ather than upon classical conditioning. It is 
also probable that the points representing forward conditioning are 
Nevertheless, the general trend is well illus- 
n, for example, that the relationship of greatest 


like delayed conditioning, the 


hips and phenomena are illus- 
tionship between frequency 
temporal arrangement of 
This graph is not en- 
is based upon human 


trated in Figur 
of conditioned fing 
the conditioned an 
tirely adequate as a 
avoidance training T 


somewhat too low. 
trated. It will be see 
ioned responses where 
seconds, for example). 
d responses, there is 


o delayed and trace-condit 
involved (more than five 
“short trace” conditione 
o become manifest. 


7 Here, we are referring t 
fairly long time intervals are 
W ith shorter time intervals, as in 
insufficient time for these phenomena t 
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efficiency is that of short forward conditioning, and that efficiency 

falls off with great rapidity on either side of this optimal point.* 
(E) Differential conditioning. This is a simple form of discrim- 
ination learning. Suppose that a conditioned salivary response has 
been established using a tone of 1000 dv as a conditioned stimulus. 
Because of stimulus generalization, we would expect a salivary re- 
sponse to be elicited by a variety of other tones, tones of 900, 800, 
700 cycles, and so on, the amount of response decreasing as the dif- 
ference between the test stimulus and the original training stimulus 
60 


A-EXPERIMENT | 
50 B-EXPERIMENT 2 


40 


30 


"PERCENTAGE OF CONDITIONING 


o | 2 3 
UNCONDITIONED CONDITIONED 
IST s TIME INTERVALS BETWEEN STIMULI or 


Fic. 8. CONDITIONING As A FUNCTION or TIME INTERV 


AL BETWEEN §TIMULI 
(From Wolfle, J. gen. Psychol., 1932 


,7, p. 90) 


inerensga, The fact of this stimulus generalization gradient is, in a 
sense, evidence of discrimination. However, we may wish to zdl up 
a very precise discrimination reaction in the learner, We 

for example, to be able to elicit a strong conditioned response using 
a conditioned stimulus of 1000 dv and no res ponse Ws pen 
conditioned stimulus of 800 dv. This m l i 


senting the two conditioned stimuli a 
random order under circumstances 


may wish, 


all using a 
ay be accomplished by pre- 
n equal number of times in 
where the 1000-cycle tone is 


g this relationship the s 3 d 
> Kappauf and Schlosberg ( ee ter 


1937), and Reynolds 


* For additional information concernin 
consult Bernstein (1934) 
(1945a), 
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always followed by reinfor' i 
followed by eee me ne a sae 
tioned response to the 1000-cycle Dee ballon i ya eenen 
nes y re we start differential 
tiing. It is also more efficient, in some cases, to start differential 
training with an easy discrimination, say between 1000 dv aa 
200 dv. and gradually make the discrimination more difficult.) By 
following this procedure, we are extinguishing the generalized re- 
sponse to the 800-dv tone while keeping the response to the 1000-dv 
tone at a high level of strength. (Reinforcement of the positive 
s is desirable, otherwise the extinction of the 800-dv tone will 
and cause a decrement in the response 
ocedures, quite fine discrim- 


stimulu 
generalize to the 1000-dy tone 


to that stimulus.) By following such pr 
inations can be established. It is worth noting, in passing, however, 


that this procedure can be carried only so far. If we require the 
animal to make discriminations which are too fine, the discrimina- 
tion training breaks down and the animal exhibits disorganized 
behavior which has become known as “experimental neurosis.” ° 
(F) Conditioned inhibition. A stimulus which has lost its power 
to elicit a conditioned response because it has been extinguished 
or because of differential conditioning seems to acquire inhibitory 
properties. Such stimuli are known as conditioned inhibitors, and 
have the power to inhibit other conditioned responses. Thus, in the 
example noted in (E), above, the g00-dv tone becomes a condi- 
tioned inhibitor. If this stimulus is now presented simultaneously 
with a conditioned stimulus which ordinarily elicits a conditioned 
response, there will be a decrement in this conditioned response. 
(G) Higher-order conditioning. One other feature of classical 
conditioning merits our attention here. This is the phenomenon of 
higher-order conditioning (cf. Frolov, as reported in Pavlov, 1927). 


ntirely due to forcing fine discrimina- 
artial reinforcement (cf. Chap. VII). 
ke a discrimination which is infin- 
jor occurs. On the contrary, learning may 
be quite efficient under conditions of partial reinforcement. This discrepancy 
may result from the fact that the “experimental neurosis experiment” typically 
starts with a possible discrimination and works toward an impossible one 
whereas, in partial reinforcement experiments, the discrimination is “impos- 


sible” from the outset. 


ntal neurosis is not € 
from the work on p 
tired, in effect, to ma’ 


9 That experime’ 
tions may be seen 
Here the learner is requ 
itely fine, yet no breakdown of behav 
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This type of conditioning involves using a learned conditioned 
stimulus—conditioned response relationship as an unconditioned 
stimulus—unconditioned response basis for a second conditioning 
experiment. Thus, a dog may be conditioned to salivate to a flash of 
light, meat serving as the unconditioned stimulus. Now, if the flash 
of light (which, through conditioning, elicits salivation) is paired 
with a new conditioned stimulus, say, a tone, conditioning may 
occur even though tone has never been paired with a proper un- 
conditioned stimulus (meat). The occurrence of higher-order con- 
ditioning is of obvious importance as a device for explaining the 
enormous complexity of psychological development. (This explana- 
tion suffers, somewhat, from the fact that orders bevond the second 
are established, if at all, only with the greatest difficulty, while 
orders beyond the third may not be established at all, at least with 
dogs). It is, however, also important as being a simple example 
of the operation of secondary reinforcement. Since secondary re- 
inforcement is discussed, at length, in another portion of this book, 


we shall do no more than indicate the relevance of this concept 
here.1° 


A word may be said concerning Pavloy’s theoretical interpreta- 


tion of conditioning phenomena. Pavlov (1927) formulated a simple 
theoretical structure which accounted for the facts of classical con- 
ditioning which have been presented here in terms of thre 
excitation, internal inhibition, and external inhibition. 
these, excitation, was conceived to develop gradually as a function 
of the number of reinforced trials (trials where both the conditioned 
and the unconditioned stimuli were presented) and to be relatively 
permanent. Both inhibitory influences acted to negate excitation. 
External inhibition, or inhibition caused by extraneous stimulation, 


ion of the conditioned response. 
ause the unaccustomed stimulus 


e concepts, 


The first of 


could cause a temporary suppress 
This occurred, presumably, bec: 


10 i 
bs Many other phenomena of classical conditioning have been omitted from 
this discussion, Temporal conditic 


ming and summation are examples of sucl 
: . i - a a Xa es of such 
phenomena. The reader is again reminded that a thorough coverage of con- 


ditioning is impossible in the space we are able to allot to it and is referred to 


Pavlov (1927) Hilgard and Marquis (19 
’ a a Ma 940 a > Vi i Ss experi- 
mental literature on this subject. i ls SDA, for iie selbst ss 
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elicited investigatory nce PEET 
iaeaea ri Gara har enhe e pA pe a 
dissipate in ime, and was more ee se T = 
of external inhibition than was excitation. seria aap 
also conceived to develop in the delay period of lo a ee baie 
trace-conditioned responses where it was known by : eal 
s y a special name 
the inhibition of delay. By means of these concepts, and a fewr 
additional assumptions, a very considerable number of classical 
conditioning phenomena may be explained." It should be noted, 
however, that the acceptance of these concepts does not necessarily 
imply an acceptance of the theory of the action of the nervous 

system which Pavlov also formulated. 

Subsequent modifications and elaborations of Pavlovian theory 
have been devised, mainly by Clark Hull and his collaborators. 


Hull's (1943, 1950) postulate systems allow for a much more precise, 
quantitative prediction of conditioned response phenomena than is 


possible with Pavlov’s original theory. 


PSEUDO-CONDITIONING 
ple of what he termed “pseudo- 


Grether (1938) noted an exam 
neutral stimulus 


conditioning.” This occurs whenever an originally 
elicits a conditioned response following a number of unpaired 
s of the unconditioned stimulus. For example, Grant 
(1940) demonstrated pseudo-conditioning of the gal- 
hock was used as an unconditioned stimulus 


while a vibratory stimulus applied to the skin served as a condi- 
tioned stimulus. After a number of presentations of the shock, alone, 
the vibratory stimulus yielded a galvanic skin response (which it 
did not have the power to do before this training). This effect has 
been demonstrated in a considerable number of experiments and 
may enter as a source of contamination in a gre 

example, we might expect that final performan 


presentation 
and Dittmer 
vanic skin response. S 


at many more. For 
ce in many condi- 


ena are (1) conditioning, (2) experimental ex- 
as a phenomenon, (4) differential conditioning, 
d and distributed conditioning and extinc- 
of conditioned responses in delaved and 


non of disinhibition. 


_ 11 Examples of such phenom 
tinction, (3) external inhibition 
(5) the differential effects of masse 
tion trials, (6) the time 
trace conditioning, and 


of occurrence 
(7) the phenome! 
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tioning studies is a function of true conditioning ee on : 
pairing of the conditioned and unconditioned stimuli, and ae a 
pseudo-conditioning resulting from presentation of the paca 

tioned stimulus. This phenomenon is important because it appears 
to contradict the basic theoretical assumption which is usually 
made, that the conditioned and unconditioned stimuli must be 
presented in some degree of temporal contiguity if learning is to 
occur. May (1949) has outlined a relatively complete theory of 
pseudo-conditioning which reconciles the experimental findings 
with the theoretical assumptions regarding contiguity. According 
to this view, pseudo-conditioning is a function of six factors or can- 
ditions. Perhaps the most important of these is the assumed relation- 
ship between strength of pseudo-conditioning and the similarity 
appertaining between the conditioned and the unconditioned 
stimuli, According to this assumption, the unconditioned stimulus 
acquires habit strength, during training, to elicit its own uncondi- 
tioned reaction. Similar stimuli are then endowed with the capacity 
to elicit this response by means of stimulus generalization. For a 
detailed statement of this, and the other five assumptions, plus a 
detailed review of the relevant experimental f. 


acts, the reader should 
consult May’s paper. 


INSTRUMENTAL CONDITIONING 


In the classical conditioning situation, it will be recalled, Pavlov’s 
dogs received the reinforcing stimulus on every training trial, 
regardless of any response they made. In other words, the meat 
powder was administered whether or not the dog showed evidence 
of making the learned or to-be-learned response. Under the proce- 
dures of instrumental conditioning, however, the to-be-] 
sponse must occur before the reinforcement is 
other words, the learned response is instrume 
reinforcement. Such le 


earned re- 
administered. In 
ntal in securing the 
termed instrumental 
al conditioning situa- 
ituation very closely, 
arning has not always 
be considerable justi- 


arned responses may be 
acts. Because, in other respects, the instrument 


tion may resemble the classical conditioning s 
the distinction between these two forms of le 
been made with accuracy. Thus, there would 
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fication for feria as instrumental acts many of the conditioned 
responses which are commonly regarded a ing i i 
nature, Conditioned eyelid closure foan niya a s 
be classified as an instrumental act because the antiċi ice 
al a anticipatory closure 
of the lid prevents the puff of air from striking the cornea of the 
eye. Even the classical salivary conditioned response might be con- 
sidered instrumental if one were to assume that the anticipatory 
a to the conditioned stimulus enabled the dog to gain 
more immediate reinforcement from the meat powder 
as an unconditioned stimulus. On the other hand, 
umental learning situations show little resemblance 
tioning situations. For example, the conditioned 
a prominent feature of the classical condi- 
al conditioning procedures, 
ing situation. 


salivatior 
greater or 
which served 
many of the instr 
to classical condi 


stimulus which is such 
under instrument 


a formal feature of the learn 
y simple reflex responses, the learner 
ite complex and involved patterns of 
ditioning. If, at one end of the con- 
al conditioning blends into classical conditioning, 
ental conditioning merges into problem- 
learning situations. On the whole, it is 
instrumental conditioning, to 
characteristics: 
ng the re- 


tioning situation may, 
be omitted altogether as 
Instead of learning relativel 
may be required to learn qu 
behavior in instrumental con! 
tinuum, instrument: 
so, at the other end, instrum 
solving and trial and error 
probably best to confine th 
learning situations which posses 
(1) the act to be learned must be 
d (2) the act to be lea: 
upon the learner’s hierarchy of response 
correct response should occupy & relativ 


total practice period. 


e term, 
s the following two 
instrumental in securi: 
rned must be relatively high 
s, that is, discovery of the 
ely minor portion of the 


inforcement, an 


The Nature of Reinforcement in Instrumental Conditioning 


a reinforcing stimulus is 
flex response of the organism, either because 
it is the biologically adequate stimulus for that reflex, or because 
of prior conditioning, as in the case of higher-order conditioning. 
In the case of instrumental conditioning, however, the nature of 


In the classical conditioning situation, 


one which elicits a re 
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the reinforcing stimulus or state of affairs is much more complex, 
and, indeed, has been the subject of a considerable amount of 
theoretical dispute.'? Without taking sides in this dispute, it is 
probably not possible to make a clear-cut definition concerning re- 
inforcement. However, a relatively neutral definition of reinforce- 
ment, from the standpoint of theory, has been offered by Thorndike 
(1931), who defines it in the following terms: 


“By a satisfying state of affairs is meant one which the animal does noth- 
ing to avoid, often doing things which maintain or renew it. 


It will be noted that such a definition includes many recognizably 
different states of affairs. These might include: 


(1) Reduction of the intensity of biological, 
as hunger, thirst, sex, and the like. 

(2) The attainment of stimuli which have previously been associated 
with primary drive reduction. Such stimuli are called secondary 
reinforcing stimuli. 

(3) The reduction in intensity of 
as an electric shock. 

(4) The reduction in intensity of a learned motive, such as fear. 

(5) The attainment of certain stimuli or substances which, although 
they reduce no known drive, and although they have not been 


associated in the past with drive reduction, nonctheless appear to 
be sought by various organisms,!# 


appetitive drives, such 


a painful or noxious stimulus, such 


This great 
Teedom whi 
cause the le 


variety of possible reinforcing st 
ch the instrumental conditioning 
arned response need not duplicate one of the native 
‘eflexes, has given rise to a large number of experime 
of this type. In general, these Specific situations m 


inder one of three headings, depending upon th 
einforcement. These are: 


(A) Reward training. In rew 
vhich is learned secures for t} 
einforcement, By positive reinforceme 
e classified under headings 12 


ates, as well as the 
situation gains be- 


ntal situations 
ay be classified 
e conditions of 


ard training, the instrumental act 
he learner some form of positive 


nt is meant one which would 
» Or 5 in the preceding paragraph. 
1? The reader is referred to Chapters II and VII. 
13 An extended discuss 


ion of these mechanisms will be found in Chapter VII. 
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A considerable number of reward training situations have been 
developed. The best known of these, perhaps, is the Skinner box."# 
This is a simple problem box used for the study of learning in small 
animals. Commonly, the apparatus consists of a small, barren cham- 
ber in which the animal is confined, a small lever or bar which may 
be depressed by the animal, and an arrangement for giving re 
inforcement in the form of food pellets, crushed food, or water. 
The animal receives reinforcement whenever it depresses the bar 
(during training). Since the bar is a prominent part of the appa- 
ratus, the bar-pressing response usually is high on the animal’s 
response hierarchy. Nevertheless, during the initial stages of train- 
ing, it is often desirable to increase the probability that the bar will 
be responded to by smearing it with food or by other means. The 


apparatus may be arranged so that reinforcement follows immedi- 
desired interval of 


ately upon depression of the bar, or after any 
ng the food 


time. Amount of reinforcement may be varied by loadi 
food pellets of different sizes. If desired, other 
at the time of bar 
depression or at a time chosen by the experimenter. Typically, the 
Skinner box is equipped with an automatic recording device which 
makes a record of the time of each bar-pressing response and of 
the number of such responses. Similar problem boxes have been 
developed for use with other animals. Thus, Guthrie and Horton 
(1946) have used a problem box for cats in which the instrumental 
act consists of displacing a vertical lever which protrudes from the 
floor of the box. When this lever is moved, the door of the box is 
atched so that the animal may receive reinforce- 
a bit of food placed outside the door. Other 
e more complex with respect to the 
nature of the behavior to be learned. Thus, problem boxes of the 
type used by Thorndike (1898) in his pioneer study of the learning 
behavior of kittens, approach a trial-and-error type of learning situ- 
ation in that the discovery of the correct response plays a rather 
prominent role in the learning process. One other type of reward 
n should be mentioned. This is the “chimp-o-mat,” 


7. Skinner. 


magazine with 
stimuli may be administered to the animal, either 


automatically unl 
ment in the form of 
types of problem box may b 


training situatio 
14 Named, of course, for its inventor, Prof. B. F 
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an automatic vending device which was developed for the purpose 
of studying secondary reinforcement in chimpanzees. This apparatus 
resembles a coin-operated vending machine in its functioning, dis- 
pensing, as it does, small amounts of food when a poker chip or 
similar token is inserted in the slot. If this machine is placed in a 
chimpanzee’s cage, the ape quickly learns to insert the tokens into 
the machine in order to secure the food reward. It is interesting to 
note that, under these circumstances, the poker chips become 
sought-after objects (i.e., reinforcing stimuli) for the chimpanzee. 
We will not discuss this learning of secondary reinforcement at the 
present time, however, since more extended treatment will be given 
later in the book (Chapter VII) 

In the instrumental conditioning of human subjects, various re- 
ward training devices have been employed. Because of the fact that 
instrumental conditioned responses are, by definition, fairly simple, 
obvious responses, a fundamental objection may be voiced against 
the use of such learning situations in the study of human learning. 
The difficulty lies in the fact that responses which may be learned 
in instrumental conditioning situations are typically quite subject to 


mediation and control by language habits. 
reduced or 


This difficulty may be 
avoided in a number of ways. The experimenter may 
make the problem more difficult to solve, thus, in some cases, 
reducing the factor of verbal control. This solution is not particu- 
larly satisfactory because, by increasing the difficulty of the prob- 
lem, the experimenter typically moves from the field of instrument 
conditioning into the area of trial-and-error le 
tion is to attempt to find a simple response 
tioned and which does not appear to be readily subject to verbal 
control. Greenspoon (reported by Dollard and Miller, 1950) has 
reported some success in the conditioning of language patterns by 
this method. A third solution is to study instrumental reward train- 
ing with subjects who do not have the ability to use language, that 
is, with very young children or with mentally deficient adults. A 
recent study by Fuller (1949) illustrates how the instrumental 


reward training technique may be used to condition a simple re- 
sponse in an adult vegetative idiot. 


al 
arning. Another solu- 
which may be condi- 
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(B) Escape training. Here the instrumental act permits the 
learner to terminate a painful or noxious stimulus such as an electric 
shock. It does not, however, enable him to avoid this stimulus 
altogether. This learning situation has been infrequently used. Since, 
in escape training, the learner may not avoid the noxious stimulus 
but is able to escape from it once it has occurred, learn- 


altogether, 
ase in the efficiency with which the learner 


ing consists in an incre 
terminates the noxious stimulus. For example, suppose an animal 
as an electric grid on the floor. Half 


if the animal moves into the 
ves an electric shock. Further 


to be placed in a box which h 
of the grid is electrified, so that 


“incorrect” half of the box he recei 
suppose that the experimenter arranges matters so that the two 


halves of the box may be alternately charged, the changes occurring 
at unpredictable intervals. Under these circumstances, the animal 
cannot learn to avoid the shock altogether. The most efficient form 
of behavior he may acquire is to move as rapidly as possible to the 
“safe” side of the box the moment the shock is shifted. Very few 
experiments have been exclusively concerned with escape training, 
although avoidance training, as we shall see, necessarily involves 
a period of escape training. Recently Miller (1948) has used escape 


from a secondary drive (fear) as a reinforcing state of affairs. 
mental act serves to prevent 


(C) Avoidance training. If the instrur 

a noxious stimulus, we may speak of avoidance 
ance situation is illustrated in the experi- 
Finch and Culler (1984). A dog was 
placed in a conditioning harness with one of his feet resting on an 
electric grid. A conditioned stimulus, in this case a tone, was given, 
followed a few moments later by the electrification of the grid. 
During the early stages of practice, the animal escaped the shock 
by lifting his foot from the grid as soon as the shock was admin- 
istered. After continued practice, however, the dog learned to lift his 
foot from the grid in response to the conditioned stimulus, thus 
avoiding shock altogether. ‘An interesting feature of avoidance con- 
ditioning is its relative insusceptibility to experimental extinction. 
Numerous studies confirm this effect, which differs greatly from the 


extinction phenomenon as found in classical conditioning or in 


the occurrence of 
training. A typical avoid 
mental technique employed by 
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instrumental reward training. In order to appreciate the extraor- 
dinary resistance of avoidance training to extinction, it must he 
realized that, as soon as the animal passes beyond the stage of 
escape learning and begins to lift his foot before shock is initiated. 
each trial is, in a sense, an extinction rather than a training trial. 
During training, of course, if the animal fails to lift his foot at the 
occurrence of the conditioned stimulus, the electric shock serves 
quickly to reinstate the withdrawal response. But, even if the experi- 
menter turns off the current to the electric grid entirely, the animal 
continues to lift its leg, oftentimes for hundreds of trials (ef. Finch 
and Culler, 1934; Brogden, Lipman, and Culler, 1938). 

Mowrer (1939) has advanced an hypothesis to account for this 
failure of extinction to occur. According to this view, during avoid- 
ance training the animal learns two separate responses. The first of 
these is the measured response of lifting the leg when the condi- 
tioned stimulus is given. The second response is a fear reaction, 
which is also elicited by the conditioned stimulus. After learning has 
progressed to some extent, the animal makes both of these responses 
upon each occurrence of the conditioned stimulus. It is to be noted 
that both responses are initiated by the conditioned stimulus and 
both terminate, i.e., the leg is replaced and the fear subsides, when 
ths conditioned stimulus is turned off. Fear reduction, thus, occurs 
immediately after the leg-lifting response, and, according tO 
Mowrer's hypothesis, this fear reduction serves as the reinforcement 
which maintains the strength of the leg-withdrawing response. 
Since, on each trial, fear is reduced immediately following leg with- 
drawal, this response is reinforced by fear reduction in the absence 
“a the origina unconditioned stimulus, shock. Independent verifica- 
tion of portions of this hypothesis may be found in the experiments 


of Miller (1948) and Solomon and Wynne (1950). Miller demon- 


strated that reduction of an acquired fear motive could serve as a 
reinforcement in the sense that the animal would learn an instru- 
me © +i y a, ` 
po act in order to escape from a fear-arousing stimulus. Solomon 
and Wynne’s experimental results | 
s have ane i ri 
p a ave an even more direct bearing 


upon the Mowrer hypothesis. They found that conditioned avoid- 
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ance responses were easily extinguished in sympathectomized dogs 
that is, in dogs in whom the capacity for fear behavior was prea. 
ably, greatly reduced. 
But the Mow 7 is, i inati it i 
Mowrer hypothesis, illuminating as it is, merely pushes 
m of extinction for one step. The problem of why 


back the proble 
doesn’t extinguish may be solved, but an- 


the foot-lifting response 
other problem is raised. That problem is this: why, if the avoidance 
ained by the reduction of a learned fear response, 
itself, extinguish? There may be two 
plausible explanations for this. One is the assumption ‘that fear 
responses do not extinguish simply through non-reinforcement, but 
may only be removed through a counter-conditioning procedure. 
This explanation accounts for the facts well enough, it is true, but 
it is merely a convenient assumption designed to account for those 
facts. A second explanation follows from a strict interpretation of 
This explanation would hold that the fear 


ause of the reinforcement which is 
a learned 


response is maint 
does not the fear response, 


reinforcement theory. 
response is not extinguished 


derived from its own reduc 
duction is a reinforcing st 


ned stimulus to arouse fear n 
he fear reduction just as does 
ned stimulus and the leg- 


bec 
tion. If the fear response is 
ate of affairs, then 


response, and if fear re 
the tendency for the conditio night 
logically receive reinforcement from t 
the connection between the conditio 


withdrawal response.” 


Problems Most Conveniently Attacked by Instrumental 
Learning Techniques 

assical conditioning 

tioning situa- 

stimulus 


e general phenomena of cl 
arious instrumental condi 


spontaneous recovery, 


conditioning and repressive forces 
a number of writers. The 


In most respects, th 
may also be obtained in the v 
tions. Thus, learning, extinction, 


_ 1° The similarity between avoidance 
involved in personality disorders has been noted by 
Possibility that a secondary drive, such as fear, may be able to strengthen or 
maintain itself by its own ‘reduction provides a mechanism by means of which 
the relative permanence of these drives may be assured. If this explanation is 


correct, it offers an attractive device by means of which the relative stability of 


Psychological organization may be explained. 
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gencralization, and so on, may be observed under proper circum- 
stances. It should be noted, however, that each technique is particu- 
larly advantageous for the study of certain types of problems. 
Instrumental conditioning is peculiarly well adapted to the study 
of particular aspects of the learning process which might not be so 
advantageously studied by other methods. Especially important 
among these are the following: 

(A) The effect of motive-incentive conditions upon learning and 
performance. There are many specific problems contained within 
this general statement. For example, given a certain fixed amount 
of previous learning, does an increase or decrease in the motivational 
level effect the performance of the learned act? Another problem 
might be, if practice is given under different amounts of motiva- 
tion, may different levels of performance be observed under condi- 
tions of a subsequent test wherein motivational level is equated for 
all learners? A third problem concerns the effect of the magnitude 
of the reinforcing agent upon the learning process. A fourth prob- 
lem might be to determine the amount of interaction, if any, be- 
tween the amount of motivation present during learning and the 
magnitude of the reinforcing agent. Because amount and immediacy 
of reinforcement are easily controlled, the instrumental conditioning 
situation offers an excellent opportunity to attack experimental 
problems such as those which are outlined above. However, the 
reader should not feel that this is an exhaustive list of problems in 
this area, Rather, an almost infinite number of problems relating to 
specific motivational states and specific incentive objects await 
experimental investigation. 

(B) Delay of reinforcement. What is the effect upon learning of 
introducing a period of delay between the making of the correct 


response and the giving of the reinforcement? This problem may 


not be studied in the classical conditioning situation because the 


reinforcing stimulus is also the one which produces the to-be- 
learned response. Although the instrumental conditioning situation 


is well adapted to the study of this problem, important research in 


this area has been accomplished in other types of experimental 
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situations. In particular, the maze-learning situation has been much 
employed for this purpose.** s 

(C) The learning and consequences of secondary motivation. 
Under what conditions may motives be learned? Having learned 
them, what role do they play in subsequent performance and how 
may they influence subsequent learning? Because of the variety of 
possible reinforcing states of affairs which may be used and because 
of the general adaptability of the instrumental conditioning tech- 
ll adapted for the study of problems in this area.’? 
orcement. Does a stimulus which is fre- 


motive reduction acquire the 
g of other 
S 


nique, it is we 

(D) Secondary reinf 
d with primary 
reinforcing agent for the learnin 
a stimulus acquire such prop- 
ment may be 


he work on 


quently associate 
property to serve as a 
acts? Under what circumstances may 
already noted that secondary reinforce’ 
al conditioning situation where t 
(Frolov, as reported in Pavlov, 


erties? We have 
studied in the classic: 


higher-order conditioning is relevant 
1927). Other studies of secondary reinforcement have employed 
mination learning techniques (Grindley, 1929; Denny, 
The bulk of the work on 


lished in the instrumental 


maze or discrit 
1946; Grice, 1948; Ehrenfreund, 1949). 
reinforcement has been accomp 


secondary 
ver. 


conditioning situation, howe 
Other types of problems, of co 
mental conditioning techniques. 


but merely to indic 
and to enumera 
most advantageously studied by 


urse, have been attacked by instru- 
The listing, above, is not intended 


to be inclusive. ate the adaptability of this tech- 
nique to a variety of problems te some of the more 


important problems which may be 
this method. 

16 The reader is reminded that important studies on ts subje: have used 
other techniques, and is referred to the papers on the goal gra ient in maze 
learning by Voshioke (1929), Hull (1932, 1934), and Grice (1942). Grice 
(1948a) has also studied delay of reinforcement using a discrimination learn- 
ing technique. 

17 Again, an exception must be not 
alley maze situation for the study © 
motivation. 


ed. Brown (1942a, b) has used a single 
f conflict behavior involving secondary 
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The Importance of Conditioned Response Learning 


Conditioned response learning is important for an raaageniannt 
of human behavior in a number of ways. In the first place, minny K 
the principles which are used to explain more complex we o 
learning, so characteristic of the human adult, are denies be 
conditioning experiments. For example, Melton and Irwin ( e 
attempt to explain the complex phenomenon gi retroactive inihi ja 
tion partially in terms of the concept of experimental pae . 
concept derived from studies of classical conditioning. As — 
example, Hull’s (1930, 1939) analysis of trial-and-error learnt 
may be cited. In this case, we have an attempt to explain a complex 
form of learning in terms of such simple conditioning concepts as 
excitation, extinction, and spontaneous recovery. Secondly, while 
we may understand the importance of certain conditioning concept 
in the explanation of very complex forms of behavior, in many tases 
the nature of the explanatory concept is best worked out in simple 
conditioning situations. Thus, we may be assured that secondary 
motives play an enormously important role in the determination of 
human learning and activity at the very most complex levels, yet, in 
these complicated situations we may not be able to isolate the 
variables of which secondary motive formation is a function. Simi- 
larly, extinction may be used partially to explain variability of 
behavior in trial-and-error learning situations, but it would be ex- 
tremely difficult to obtain a clear notion of the nature 


of experimen- 
tal extinction from studying trial-and-error le 


arning, alone. 
It is also true that a considerable proportion of the everyday acts 


of human beings are learned under the general conditions of classi- 
cal and instrumental conditioning. We may feel f 


airly certain that 
many emotional habits, 


fears for example, are acquired by the 
association of a previously neutral stimulus with 
stimulus of a painful nature. In like manner, many of the early 
acquired responses of the human infant are instrumental acts 
learned in consequence of food reinforcement or the 
derived from reduction in discomfort. It is to be 
type of learning is more frequently found in the 


an unconditioned 


reinforcement 
expected that this 
infant than in the 
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adult, owing to the mediation of behavior by language, which plays 
such a tremendously important role in the latter case. Nevertheless 
both classical and instrumental conditioned responses continue to 
be formed in the adult, perhaps in unsuspectedly large numbers. 
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IV 


INTRASERIAL PHENOMENA 


INTRODUCTION 


Cortex habits which are composed of a number of separate parts 
are often learned serially, that is, ina particular order of parts. This 
an integral part of the habit as a whole. Not only 
present a considerable proportion of 
e study of learning, but also, in the 
ber of complex 


order becomes 
do serially learned habits re 
experimental situations for th 
g of people, an enormous num 
habits are acquired in this way. This may be most evident in the 
case of verbal habits, the recitation of poetry and prose passages, 
for example, but many non-verbal habits also depend upon a par- 
ticular sequence of part-responses for their effectiveness. Learning 


to negotiate a maze path or other spatial pattern, memorizing a 
musical selection, Or acquiring skill in serving a tennis ball are 
examples of serial habits. Such habits may be defined as complex 


habits wherein the ordering of the part-responses plays an impor- 
tant role in determining the outcome of the behavior as a whole. 
For many purposes, serial habits may be regarded as wholes, and 
time, trial and error scores may be taken which represent the total 
n of the habit. There are, however, certain phenomena 
ver-all learning. These phenomena are of 
Not only are they legitimate objects for 
ng of them will aid in the 


everyday learnin 


acquisitio 
occurring within this © 
considerable importance. 
special investigation, but the understandi 
interpretation of the Jearning of the task as a whole. 


A serial habit is usually practiced under the instruction or set to 
on of the series to the one which comes immedi- 


aid to have occurred when each item will 
a 
an example, the learn- 


connect each porti 

ately after it. Learning ÎS SAC sider, as 

arouse the next following item. Consi¢ at, Be 

ing of a list of words by the serial anticipation method. If the words 
Iphabet, then A leads 


. al 
in the list are represented by the letters of the 
89 
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to B, B leads to C, C to D, and so on to the end of the list. Each 
item in the list (except for the first) serves a dual purpose. It is a 
response to the preceding item, and it is a stimulus to the item which 
follows. Early in practice, this stimulation is maintained by external 
stimuli, i.e., the words presented on the memory drum. When the 
appropriate responses have been acquired, however, the dependence 
on this external source of stimulation disappears, the responses 
themselves become stimuli, and the series may be run off in relative 
independence of environmental cues. A provocative analysis of 
many of the phenomena of serial learning, with special reference 
to maze learning, has been made in a series of theoretical papers 
by Hull (1930, 1931, 1932, 1934a, 1934b, 1937), which no student 
of the learning process can afford to ignore. Concerning the rote- 
serial learning of verbal materials, Hull has made two theoretical- 
empirical analyses (1935b, 1940). Discussion of portions of these 
papers is reserved for later sections of this chapter. 

The phenomena of serial learning to be discussed in this chapter 
are: (1) remote associations in the forward direction, (2) associa- 
tions in the backward direction, and (3) serial position effects. 


REMOTE ASSOCIATIONS IN THE FORWARD AND BACKWARD 
DIRECTIONS 

So far, we have noted only the existence of the adjacent, forward 
associations, the formation of which constitutes the objective of this 
type of learning. Such associations which operate in a forward 
direction between the successive items in a series are termed imme- 
diately successive associations, adjacent associations, or forward 
associations of zero degree of remoteness. Adjacent associations, 
however, may not be the only ones which are formed during prac- 
tice. The first item in the list may lead not only to the second, but 
also, on occasion, to the third, fourth, or fifth item. Similarly, the 
sixth item may occasionally elicit the third or the tenth item as a 
response. Associations between non-adjacent items are called re- 
mote associations. If a remote association is formed between one 
item and another which is farther forward in the series, it is termed 
a remote forward association. Similarly, if one item in a series elicits, 
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as a response, an item presented earlier in the series, the association 
is termed a remote backward association. It is to be noted that all 
backward associations, even to the adjacent item, are typically 
associations. Therefore, all remote associations 


arning of a series represent errors in learn- 
atory errors, while 


treated as remote 
which occur during the le 
ing. Remote forward associations result in anticip 
backward associations result in perseverative errors. 

The diagram in Figure 9 is a schematic illustration of adjacent 
and remote associations. In this diagram, the letters represent the 
a series, while the arrows indicate associations 
arrows stand for the usual adjacent 
t remote associations. 


successive items in 
between these items. The solid 


dotted arrows represen 
and for remote forward asso- 


the letters indicate backward 


associations, while the 
The dotted arrows above the letters st 


ciations and the dotted arrows below 


= 
ool — —_— or m 
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Fic, 9. A SCHEMATIC ILLUSTRATION OF ADJACENT AND REMOTE ASSOCIATIONS 


the possible remote associa- 
diagram. Probably, during the learning of 
ted, to a degree, to each other 
ength, the adjacent 


associations. It is obvious that not all of 


tions are illustrated in the 
mes connec 


ffer markedly in str 
e strongest. In our d 
tions first. There 
d associations. 


a series, each item becor 
item. These associations di 
forward associations being th 
consider remote forward associa 
tional methods for studying remote forwar 


iscussion, We shall 
are several tradi- 


The Method of Derived Lists 
Ebbinghaus (1885), the first psychologist to make a direct experi- 


mental attack upon the problem, invented one of the chief methods 
associations. By his method of derived lists, 


a list of items to some criterion. Later he 
the first. This derivation is made 


for measuri ng remote 


the subject first learns 


learns a second list, derived from 
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in such a way that remote associations in the first list, if formed, 
will facilitate the learning of the second list. Ebbinghaus learned 
16-syllable lists by the method of complete presentation. Learning 
was to a criterion of one perfect repetition. He then rearranged the 
syllables so that the originally adjacent items were separated by 
either 1, 2, 3, or 7 intermediate syllables. Finally, after twenty-four 
hours, Ebbinghaus learned the new lists. The scheme of rearrange- 
ment can be made clear if one thinks of the 16 items of the first list 
as running, in order, from 1 to 16, and then examines the sequence 
of numbers given below for two derived lists. When ong syllable is 
skipped, every syllable but one (no. 2) has next to it a syllable 
which had been one position distant from it in the first list. When 
two syllables are skipped, every item but two has next to it one 
which had been two positions removed in the original list. In this 
arrangement there are irregular gaps from 16 to 2 and from 14 to 3. 


The number of these gaps increases with the number of syllables 
skipped. 


Skipping one syllable: 1, 3, 5, 7, 9, 11, 13, 15, 2, 4, 6, 8, 10, 12, 
14, 16. 


Skipping two syllables: 1, 4, 7, 10, 13, 16, 2, 5, 8, 11, 14, 3, 6, 9, 
12, 15. 


It is assumed that, if remote associations have been formed, the 
derived lists will be learned in a shorter time than will a control list 
which, as constructed by Ebbinghaus, consisted of the first and last 


syllables in their original positions and of the 


intervening l4 ina 
chance order. The 


combined results of two of his experiments 
(Table I) show a saving in time for each of the derived lists, but 
a saving which decreases in amount as the de 
(number of skipped items) increases. Relearnin 
the same order (0 syllables skipped ) 
while the chance arrange 


gree of remoteness 
g the list in exactly 
yields the greatest saving, 
ment yields none. These results are taken 
to mean that associations of zero degree of remoteness are strongest, 
ween stig for Ebbinghaus’ derived groups will be found on page 97 of 
his ps te h. In the rearrangement for seven skipped items he introduced 
items of this degree of remoteness from different, but equally familiar, lists. 
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but that remote forward associations exist with a strength which is 
a decreasing function of their degree of remoteness. The decreases 
in saving with increasing degrees of remoteness are not sufficiently 
reliable to make the conclusion sure, although the regularity of the 
tendency creates a presumption in its favor. 


TABLE I 
Trae SPENT IN LEARNING ORIGINAL AND Derivep Lists 
(After Ebbinghaus, Memory, p. 106) 


No. of Intermediate 
Syllables Skipped Time for Time for Saving in Per 


in the Formation Learning the Learning the Cento Original 
of the Derived Lists: Original Lists Derived Lists Learning Time 


(Sec.) (Sec.) 
o 1266 844 33:3 
I 1275 1138 10.8 
2 1260 1171 7.0 
3 1260 1186 5.8 
7 1268 1227 3:3 
Chance 1261 1255 0.5 
ees eS eS 


The interpretation of Ebbinghaus’ results is made difficult by the 
nplete presentation. This method 


fact that he used the method of con 
gives the learner an opportunity to look backward and forward over 
t associations” between non- 


the list, and hence, to form “adjacen 

adjacent items. This inadequacy is not inherent in the method of 
derived lists since it may be corrected by presenting the items, one 
a memory drum. The use of the method of complete 
aus, who had practiced this form of learn- 
1 conditions, may not have influenced 


his results. Untrained subjects, however, might be expected to look 
back and forth over the list, even without intending to do so, and 
in this manner perceive 1 and 8, or 5 and 9 together and to associate 


them directly.? 


at a time, on 
presentation by Ebbingh: 
ing under rigid experimenta 


m this discussion because the 

ri ake their results indeterminat 
methods employed seem to the writers to make alts e. 
Cason (1926) ph ir d practically no evidence for remote associations, but degree 
r; P This condition is known to de- 


af deans 2 EE a t was ve high. 
earning in his experiment wa os. Hall (1928) found increased speed of 


? Two experiments have been omitted fro 


crease remote associative 
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Miiller and Schumann (1894) have suggested that the ineegilar 
gaps in Ebbinghaus’ derived lists might have produced Seance 
ship between strength of remote associations and degree of remote- 
ness. It has already been noted that the number of these gaps in- 
creases with the number of skipped items. Müller and Schumann 
contend that the more of these gaps there are, the smaller will be 
the effect of remote associations on the learning of the derived list. 
One may ask, however, if this suggestion does not assume that 
strength of remote associations is inversely related to degree of 
remoteness; otherwise, the irregular gaps, with their greater degree 
of remoteness, would not have the effect of reducing the saving. 

The method of derived lists, however, does have certain lim- 
itations which should be made explicit. The results it yields are 
unanalyzed and permit only the conclusion that some remote asso- 
ciations must have been formed. In other words, it does not tell us 
the specific items which have been remotely associated. The method 
also permits unknown amounts of associative interference. That 
under certain conditions associative interference may be an impor- 
tant variable has been demonstrated by Irion (1946) who found 
that the interpolated learning of a derived chance-order list pro- 
duces large amounts of retroactive inhibition. This interference 
cannot serve except to reduce remote association effects. The posi- 
tive evidence for remote association is not a function of such inter- 


ference, although remote associations, themselves, may be a func- 
tion of positive transfer of training. 


The Association Method 


associations 
arned, some or all of the items 
subject is instructed to respond with 
him. In comparison with the method 
advantage in that it elicits individual, 


egree of remoteness is known, and does 


learning of her derived lists, but her 
the way in which her derived lists w 


The basic feature of this method of studying remote 
is that, after the material has been le 
are presented singly and the 
the first response available to 
of derived lists, this has an 
specific associations whose d 


results are difficult to interpret because of 
ere constructed. 
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not leave their existence to be inferred from differences between the 
rates of learning original and derived lists. 

An association method was employed first by Wohlgemuth 
(1913), who sought only for immediately adjacent forward and 
backward associations. The method was extended by McGeoch 
(1936) and Raskin and Cook (1937) to include the study of remote 
associations of any degree of remoteness. More recently, this method 
has been emploved by Wilson (1943, 1949). During testing by this 
method, the learned items are presented one at a time in a random 
order to the subject, who is instructed to respond as rapidly as pos- 
sible with his first association to that item. Usually the instructions 
to, and the sct of, the subject keep these associations within the 
materials which were learned, but occasionally an “extraneous” 
association is given. The first and last items in the series are omitted 
from the test, but the subject can give the last item as a response 
in the forward direction and the first item as a response in the back- 
ward direction. In McGeoch’s experiment, the task consisted of the 
learning of a list of ten two-syllables adjectives. Thus, during the 
test, there were seven possible degrees of remote forward associa- 
tion plus the adjacent forward association. There were also nine 
possible degrees of backward association. We shall deal here only 
with the forward associations. 

The data of Table II, corroborated by those of three other experi- 
ments, show a large number of recalls of words separated from the 
stimulus word by one or more intervening items. There is, thus, no 


doubt that by this method considerable numbers of remote associa- 
und. They are recalled with latencies (association 


tions have been fo 
reaction times), which are consistently lower, although by small 


amounts, than the latencies of the adjacent associations. Raskin and 
Cook (1937) have obtained frequencies of remote associations at 


different degrees of remoteness which are similar to those obtained 


by McGeoch.* 

*One difficulty with determining the relationship between frequency of 
remote associations and degree of remoteness lies in the fact that there are 
fewer possible associations of a high degree of remoteness than of a low degree 
; item in a 10-item list is the stimulus, the 


ef remoteness. When the second na he st 
lighest degree of remoteness possible is 7 (the number of skipped terms 
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Results obtained by the association method provide a more direct 
picture of the specific remote associations formed, are freer than 
the method of derived lists from the possible masking influences of 
associative inhibition, and leave no doubt that forward remote 
associations occur in relatively large numbers. 


Taste H 
Forwarp anp BACKWARD ASSOCIATIONS IN LISTS or ADJECTIVES 
(From McGeoch, Amer. J. Psychol., 1936, 48, pp. 225 231) 


5-2 


Forward Associations Backward Associations 

Degree of Total Mean Time Total Mean Time 
Remoteness (See.) CSec.) 

o 211 1.76.12 147 1.29.08 

I 68 1.46.09 52 1.46-b.09 

2 44 454.11 50 I.514.12 

3 39 1.09.09 31 3o 

4 32 1.55.19 27 1.17.10 

5 38 1.23-b.15 16 117.14 

6 18 nart 20 1.18-+.13 

7 12 1.20.14 13 1.43=+.26 

8 3 1.59.57 


The Method of Anticipatory Errors 


During the practice of a serial act, subjects often make responses 
which would be correct at a later point in the series, but which, at 
the point made, are errors. These are anticipatory errors, the occur- 
rence of which we have already noted. The analysis of anticipatory 


between it and the tenth item). When the third item is the stimulus, the high- 
est degree of remoteness possible is 6, and so on. A simple correction might 
be made for these differences in opportunity to give the different degrees of 
remote association by multiplying each frequency by a fraction which has the 
total number of stimuli which could have associations of zero degree in the 
numerator and the number of stimuli which could have Tesponses of a given 
positive degree of remoteness in the denominator, Thus, if 8 words could have 
associations of zero degree and only 4 words could have associations of 4 
egrees of remoteness, the obtained number of associations of that degree 
would be multiplied by 8/4. Raskin and Cook (1937) have applied this correc- 
tion to their data, w quency decreases from zero to the 
third degree of remoteness and increases thereafter. More recently, Bugelski 
(1950) has employed this same general type of correction factor. 
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errors provides another method for the study of remote forward 
association. 

The illustrative data of Table III are the numbers of anticipatory 
errors made by groups of subjects in learning letter mazes where 
the correct “path” or sequence of letters was to be found by trial 
and error on the keyboard of a typewriter.t The table shows large 
numbers of anticipations and a definite tendency for their number 
to decrease as the degree of remoteness increases. Lumley also 
found that, as learning progressed, the anticipation of more remote 
letters became less and the anticipation of less remote ones became 
greater. Under these conditions, therefore, remote forward associa- 
tions decrease with increasing degree of remoteness, and this inverse 
relationship becomes more pronounced as practice goes on. 


Taste III 
Averacr NUMBER OF Errors MADE on THREE LETTER Mazes, 
ANTICIPATING THE FIRST, SECOND, THIRD, ETC., LETTERS AHEAD 
(From Lumley, J. exp. Psychol., 1932, 15, p. 200) 
Number of Letters Ahead 
Maze 1 2 3 4 5 6 7 


I 66. 49.8 43-3 32.9 30:3 aad 24.7 
II nit 11.4 9.8 6.8 71 8.4 6.4 


Ill 28.6 17.6 22.8 15.5 17.4 9.7 12.4 


In an experiment by Mitchell (1934) anticipatory errors in learn- 
ing three-place numbers fall off sharply from 59.8 per cent at one 
skipped term to 9.6 per cent at two skipped terms, and slowly there- 
after. Mitchell’s data, however, fail to give evidence supporting 
Lumley’s conclusion that the more remote associations decrease and 
the nearer ones increase as learning progresses. In a more recent 
experiment, Bugelski (1950) has noted the tendency for the number 


*In Lumley’s (1932) experiment, from which Table II we beep taken, a 
typewriter was wired to give an auditory signal when the apie key was 
struck, and the subject was to press keys by trial and error until Tie rig it one 
was found. As a result of practice, the subject eventually found a series of 
letters each of which, when chosen in the proper order, would give the audi- 
tory signal. References to other reports of anticipatory errors will be found in 


Lumley’s papers (1931, 1932). 
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of remote associations to be a negatively accelerated decreasing 
function of the degree of remoteness. 

The anticipatory error method has certain advantages over the 
two other methods. The remote associations. whatever their degree 
of remoteness, are overt and specific, which is not the case under the 
method of derived lists, though it is by the association method. 
Remote associations may be observed as a function of amount of 
practice in a single group of subjects. This cannot be done with the 
method of derived lists, and can be done with the association 
method only if an association test is made after each practice trial 
or after selected blocks of trials. If tests are made in this way, and 
practice continued thereafter, learning during the remainder of 
practice may be a function of the tests. If practice is not continued, 
a separate learning situation must be arranged for each individual 
test. The method of anticipatory errors is not, however, without its 
limitations. Anticipatory errors are relatively infrequent in many 
learning situations, so that a great number of subjects must be run 
in order to observe any considerable number of them. Furthermore, 
this method can yield no information concerning the number of 
remote associations in material which has been learned to a high 
criterion of perfection, since on the criterial trials there can be no 
anticipatory errors and, during continued repetition after the cri- 
terial trials, errors are extremely infrequent. Each of the methods 
for studying remote associations has its limitations and its advan- 
tages. Adequate knowledge concerning remote associations can be 
obtained only by the use of all of them. 


Conditions of Which Remote Associations Are a Function 


(A) Time interval between original learning and the test for 
remote associations. Using the method of derived lists, Lepley 
(1934) has made a systematic study of the influence of time interval 
upon the occurrence of remote associations. He found a statistically 
significant influence of remote associations only after an interval of 
30 minutes. When 10 minutes, 1, 3, 6 or 24 hours intervened between 


the learning of the original and the derived lists, no significant 
£ 
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influence of remote association was found. This, of course, is in 
disagreement with the findings of Ebbinghaus’ (1885) experiments, 
wherein remote association effects were probably demonstrated 
after an interval of 24 hours. 

Using the association method, Wilson (1943) has investigated 
this relationship. His findings, which are in disagreement with those 
of Lepley, are summarized in Table IV. Although Wilson was work- 


Taste IV 


MEAN NUMBER OF REMOTE ASSOCIATIONS AS A FUNCTION 
OF TIME SINCE LEARNING 


(From Wilson, J. exp. Psychol., 1943, 33» P- 44) 


Time between 


Learning and Mean Backward 


Mean Forward 
Remote Asso- 


the Test for Remote Asso- 

Remote Asso- ciations at ciations at 
ciations Recall Recall Total 
o.5 Min. 4-54 3-69 8.23 
2.0 Min. 454 3-65 8.19 
5.0 Min. 4.27 3-73 8.00 

20.0 Min. 3:83 3-29 7.12 


intervals than was Lepley, the tendency 
ar. Remote forward associations tend to 
als. This decrease, 


ing with shorter time 

revealed by his data is clea 
decrease throughout his range of retention interv: ) 
however, is very slight and does not approach statistical signifi- 
cance, Wilson’s results cannot be considered, however, as supporting 
Lepley’s conclusion that remote associations increase for some time 
following the conclusion of practice. That this difference in results 
is not due to differences in amount of learning, or to differences in 
the massing of practice during original learning is suggested by 


later results obtained by Wilson (1949). In this experiment, a slight 

decrease in number of remote associations was obtained as the 

retention interval was increased from zero minutes to twenty min- 

utes. Again, this decrease was not statistically significant, but the 
gain, 


obtained gradient had almost exactly the same slope as was obtained 
in Wilson's earlier experiment. This consistency of results lends a 
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certain credibility to the proposition that the number of remote 
associations, as measured by the association method, tends to de- 
crease with increasing time from original learning. This conclusion 
is by no means sure, however. Whether such a generalization holds 
for remote associations as measured by other methods, or whether 
it is an artifact of the association method is even less certain. In 
view of the discrepancy between the results obtained by Lepley 
and by Wilson, this latter possibility must be regarded as a subject 
for future systematic investigation. 

(B) Degree of learning. Ebbinghaus repeated lists of 16 syllables 
either 16, 32, or 64 times and measured the percentage saved by the 
method of derived lists (one skipped item) after an interval of 
24 hours. Percentage of saving, the indicator of remote association, 
decreased as number of repetitions (and, presumably, degree of 
learning ) increased. (Table V.) It will be noticed that, with increas- 


TABLE V 
Tue RELATIONSHIP BETWEEN FREQUENCY or REPETITION AND DEGREE 
or REMOTE ASSOCIATION 


(From Ebbinghaus, Memory, p. 116) 


Seconds Saved Seconds Saved Per Cent Saving for 
Number of in Relearning in Learning Derived Lists Is of 
Repetitions Original Lists Derived Lists That for Original 


16 192 100 52 
32 407 149 37 
64 816 161 20 


ing frequency of repetition, the saving on the original lists increased 
rapidly, while the saving on the derived lists increased more slowly. 
Results of similar meaning have been published by Lepley (1934) 
in a continuation of the experiment which has already been men- 
tioned. With a constant time interval of 30 minutes between original 
learning and relearning (or learning of the derived list), the derived 
lists showed a saving when learning had been to one perfect trial, 
but not when it had been to six perfect trials. Using the association 
method, Wilson (1949) found a significant decrease in number of 
remote associations as degree of learning increased. 
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The influence of this variable may also be studied during the 
course of practice by means of the method of anticipatory errors: 
This method vields a continuous measure of remote associations, 
in so far as they express themselves in this type of error. The data 
obtained by Lumley (1932) from a variety of materials reveal an 
inverse relation between degree of remoteness and stage of prac- 
tice, that is, there is a decrease in the number of errors of the higher 
degrees of remoteness and a relative increase in those of the lower 
degrees. This is shown in the ratios of Table VI. These ratios were 
obtained by dividing the sum of the values for the lower degrees 


Taste VI 
RATIOS or THE FAR ANTICIPATIONS TO THE NEAR ANTICIPATIONS IN 
Four Successive PERIODS OF PRACTICE 
(From Lumley, J. exp. Psychol., 1932, 15, P- 342) 


Learning Activity No. of Period of Practice 
or Material Subjects I II Il IV 
1316 


38 2225 577 459 


Two-place numbers 25 .906 411 329 157 
Paper maze 25 644 .426 .196 .106 
Foot maze (1) 9 1.007 376 373 .169 
Foot maze (2) 32 .736 .268 73 .120 


Letter maze 


(as 1 and 2) into the sum of those for the highest degrees (as 4 


and 5). The ratios become progressively smaller as practice goes 
from the first period through the three roughly equal divisions of 
the remaining trials. Although it is not supported by Mitchell's 
(1934 ) findings concerning the memorization of numbers, Hull 
(1935a) corroborates this finding in nonsense syllable learning. 
Anticipatory errors of all degrees must finally disappear, of course, 
if a criterion of one or more perfect trials is to be reached. 

When remote associations are studied by the methods of associa- 
tion and derived lists, they are found to decrease with increasing 


frequency of repetition (or degrees of learning) i et Bto be nored 
that it is logically necessary for remote associations to sienna 
during the initial stages of practice. This is because remote associa- 
tions are, themselves, learned responses and hence, must be acquired 
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during the early stages of practice. Only Mitchell (1934) has re- 
ported this relationship. In her experiment, the number of anticipa- 
tory errors first increased and then decreased as learning progressed. 

(C) Other conditions. Several other potential determining condi- 
tions of remote associations have been investigated. Wilson (1949) 
failed to demonstrate a significant relationship between frequency 
of remote associations and the degree of distribution of practice 
during original learning. Mitchell (1934) reports that the faster 
learners made more anticipatory errors than did the slower ones, 
and it may be that speed of learning and other individual character- 
istics of the learner may be important. Hull ( 1935a) has shown that 
five grains of caffeine citrate clearly increases the number of antici- 
patory errors. In both the caffeine condition and the control condi- 
tion, the number of intrusions is greater in the middle of the list. 
A number of other probable conditions should be studied, such as 
the instructions to the learner and his resultant set, the mode of 
presentation of the material, the character of the material learned, 
and the occurrence of positive and negative intra-list transfer of 
training. 


Associations in the Backward Direction 


When a series of responses has been learned in a given temporal 
sequence or in a “forward” order, can these responses also be made 
in the reverse or “backward” order? If they can, is this backward 
association confined to adjacent terms, or is it also between spatially 
separated (remote) terms? In a series of terms, A, B, C, D, E, and F, 
learned in that sequence, is F connected with E and also with 
D or C or B or A? These questions cannot be answered by pointing 
to one’s relative inability to repeat the alphabet backward with 
any fluency or to recite a poem in reverse order of the words or lines. 
The alphabet has been overlearned and dealt with in too many 
contexts to make conclusions from its repetition significant, and to 
recite a poem backward is to reduce the meaningful to a meaning- 
less sequence of words which has no important relation to the 


g 
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original. The problem can be attacked only in newly learned series 
of relatively homogeneous responses. For this purpose the three 
methods already discussed in this chapter, or variants of them, have 


been among the chief ones employed. 


The Method of Derived Lists 


From his work on remote forward associations Ebbinghaus went 
on to a brief study of backward connections. This time the derived 
; ables in the original list either in a 
a reversed order but skipping alter- 
as the skipping of one term in 


lists were composed of the syll 
reversed order throughout or in 


nate syllables on the same principle 
the forward direction. The learning of the lists in reversed sequence 


after twenty-four hours was 12.4 per cent faster than the learning 
of the original lists had been, while the learning of the derived lists 
with alternate syllables skipped was only 5 per cent faster. From 
this, Ebbinghaus concluded that backward associations had been 
formed during the original learning, not only between adjacent 
syllables but ‘also, though to a smaller extent, between syllables 


separated from each other by one term. Here, as in his experiments 
association, the specific associations formed are 


on of at least some associations in the 


direction specified is inferred from the faster learning of the derived 
list. The influence of backward association is somewhat less, under 
these conditions, than the influence of forward associations of a 
comparable degree of remoteness. Peake" 

Critics were quick to object that the metho Or compis PoE 
tation used by Ebbinghaus gave the subject opportunity to look 
Back and forth in the list and thus to form associations in the 
reverse order of intended presentation. He might, for example, look 
backward from Syllable 8 to syllable 3, react to them as if adjacent, 
and conne his same objection W uni À 
nection ee PEER of remote forward mae tt is, of 
Course, peculiar to the method of complete presentation. arrett and 


Hartman (1926) have put this criticism to experimental test by 


on remote forward 
not known, but the formati 


e encountered in con- 
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comparing the amounts of backward association obtained by the 
method of derived lists when learning had been by complete pres- 
entation and when it had been at the rapid rate of 0.8 second per 
syllable. In one set of derived lists, the syllables were reversed. 
In another, the order of successive pairs was reversed. Both sets 
gave evidence of backward association, but no significant difference 
appeared between the amounts of backward association under the 
two different methods of presentation. In spite of this finding, Gar- 
rett and Hartman believe that backward associations are improb- 
able. This belief rests upon their further belief that their subjects 
had formed adjacent connections between spatially remote items, 
even with the rapid exposure. Under their special conditions of 
measuring recall, this may have been possible. Their results support 
Ebbinghaus’ conclusion that backward associations are formed, but 
leave open the problem of whether or not they represent adjacent 
associations formed as an artifact of the method of learning. 

The work of Bunch and Lund (1932) on backward association 
in animal learning furnishes further evidence on this problem. They 
found that six mechanically guided trials in one direction through 
a maze exerted a small facilitating influence upon learning in the 
backward direction, but only when trials were used as the measure. 
The implications of the results of Dorcus (1932) are similar, though 
the controls necessary for adequate determination of the influence 
of backward association are not all present. Insofar as white rats 
have formed backward associations under the conditions of these 


experiments, we may assume direct practice in the backward direc- 
tion to have been minimal. 


The Association Method 


In an early experiment by this method, Wohlgemuth (1913) 
found that subjects, left free to give any one of the two items adjoin- 
ing the relevant item, gave associations which were in the propor- 
tion 1.3 in the forward direction to 1.0 in the backward direction 
in the learning of diagrams. In the learning of syllables, the ratio 
was 1.7 to 1.0. When the subjects were instructed to recall in one 
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direction or the other, recall in the instructed direction was dom- 
inant, but there were some recalls in the opposite direction. When, 


for example, the instructions were to recall the syllables in the 


forward direction, the ratio of forward to backward associations 


was 3. 4 to 1.0, but it is important to note that there were still recalls 
in the backward direction. 
The relatively large num 
the adjacent position and at 
obtained by McGeoch (1936 


Table II. These backward associ 
latencies similar to those for forward associations. The ratio of 


adjacent backward to adjacent forward associations is 1.0 to 1.43, 
but the corresponding ratio for the total numbers of remote associa- 
tions is 1.0 to 1.18. Clear evidence of backward association has also 
been reported by Wilson (1943, 1949) and by Raskin and Cook 
(1937). The data of Wohlgemuth, McGeoch, Wilson, and Raskin 
and Cook leave no doubt that remote backward associations are 
formed under conditions where simultaneous stimulation by the 


associated items is not possible. 


bers of backward associations, both at 
degrees of remoteness 1 through 7, 
), have already been summarized in 
ations were recalled with mean 


The Method of Perseverative Errors 
In learning lists of verbal items, subjects sometimes give a re- 
sponse which is correct earlier in the list but wrong at the point 
where it is given. This type of error, we have noted, is called a 
" nts the carrying forward of an 


ror because it represe 
ive errors have been much less studied 


than anticipatory errors, and where they have been reported, their 
numbers have been small (Bugelski, 1950). They do occur, how- 
ever, and may be regarded as representing backward associations, 
since presentation of a stimulus word elicits as a response a word 
which came before it in the list. In serial learning, conditions do not 
favor the appearance of perseverative errors. The subject has 
recently seen the earlier items and has probably responded cor- 


rectly to many of them, making it less probable that he should give 
) Big s on (1938) has shown that perseverative 


perseverative er 
earlier response. Perseverat 


One of them again. Patt 
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errors tend to be more frequent under massed practice than under 
distributed practice.® 


The Significance of Remote Forward and of 
Backward Associations 


We have seen that, during practice in the forward direction, 
associations are formed not only between adjacent items but also 
between spatially separated ones. By means of these remote associa- 
tions a series becomes interconnected and woven into a whole which 
is much more complexly organized than serial succession, alone, 
would indicate. This positive fact is of high importance to an 
understanding of mental organization. The effect of remote associa- 
tions, however, may be negative as well as positive, in that they may 
interfere with the formation of unbroken serial responses. That they 
may do this is clear from their appearance as anticipatory and per- 
severative errors which must be suppressed if learning is to be 
completed. The learning and retention of any series is a composite 
function of the positive and negative effects of remote association. 
Remote associations may enter into the explanation of distributed 
practice, the reminiscence phenomenon, transfer of training, and 
many other aspects of learning and retention. 

In spite of less extensive work upon backward associations, they 
have been found to exist under certain conditions between both 
adjacent and remote items. They are probably weaker and less 
frequently formed than forward connections. This is to be expected 
on the ground that series learned in the forward direction are easier 
to reproduce in that direction. If forward and backward associations 
were formed in equal degrees, series would function with equal 
readiness in either direction, and might become a battleground of 
associative interference. It is also to be expected that associations 

5 The problem of backward association arose in connection with the study 
of verbal learning. With the introduction of conditioning techniques, however, 
the problem has been given a new method of attack and a somewhat different 
meaning. Conditioning is said to be in the forward direction when the condi- 


tioned stimulus is presented before the unconditioned stimulus and backwar 


when the unconditioned stimulus is given first. This problem has already been 
discussed in Chapter III. 
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between adjacent terms in the forward direction should be stronger 
than between remote items, else smooth response in a given serial 
order would be impossible. i 

When backward associations, either adjacent or remote, are 
formed, they contribute a more intricate and subtle organization of 
the terms than forward association of immediately adjacent items 
alone provides. The interwoven whole of the learned series is still 
more complexly connected by them, and they enter equally, in prin- 
ciple, with remote forward associations into the picture of intraserial 
learning. They probably act, also, as determiners of other phenom- 


ena. 


Hypotheses To Account for Remote 
Forward and Backward Association 


The existence of remote forward and backward associations 
which may be formed without direct practice raises the question 
of the way in which these connections are made. They are formed 
across an interval of time greater than that between adjacent items, 
an interval filled by response to other items. They are formed in 
some other way than by the direct response to the two terms to- 
gether, and, when made in the backward direction, they are in 
the reverse temporal order of the subject’s response to them. The 
hypotheses offered to account for these phenomena will be sum- 


marized. 
(1984) has formulated an 


(A) The Lepley hypothesis. Lepley 
unt for remote forward associations in terms of 


concepts. He assumes that, in addition to ad- 
termed simultaneous conditioned responses, 


ry tendencies, suppressed for appropriate 
aving the character of 


hypothesis to acco 
conditioned-response 
jacent associations, 


there are remote excitato. 


intervals by inhibitory tendencies, and h 
trace-conditioned responses. Thus, each item except the last two in 


a list may be the conditioned stimulus to each item ahead of it, 
but the remote excitatory tendencies are held in check by inhibition 
of delay. Trace-conditioned responses have anticipatory character- 
istics, however, which may result in anticipatory errors of the kind 


already described. 
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From this hypothesis, Lepley had deduced that, by using the 
method of derived lists constructed with skipped alternate items 
and the same exposure interval as during learning, a test imme- 
diately after learning would reveal no saving, while one after a 
longer time would reveal saving. The reasoning is that the items in 
the original list appear in the order 1, 2, 3,....--N, but those in the 
derived list have the order 1, 3, 5,....- N. Thus, the interval be- 
tween 1 and 3 is only half as long as it was in the original list. The 
inhibitory delay phase, established during original learning, is in- 
appropriate to the interval at the test. With time, however, the 
inhibitory tendencies should dissipate and remote associations 
should appear. We have already scen that he found significant 
evidence of remote association only after thirty minutes, a fact 
which he interprets in support of his hypothesis." 

The Lepley hypothesis rests upon an analogy between condi- 
tioned response learning and serial verbal learning which is in- 
genious, but which presents difficulties. It may be noted that items 
in a serial list do not lend themselves readily to classification as 
conditioned and unconditioned. Even if one grants that the analogy 
to conditioning is valid, however, one cannot overlook the fact that 
trace-conditioned responses are formed slowly and with difficulty 
in the conditioning of single responses, while remote associations 
may be elicited by the association method after as few as five trials 
and appear as anticipatory errors still earlier in practice.” There 
seems, moreover, to be no correspondence between the latencies 

6 It will be recalled that Wilson (1943, 1949) obtained results which tended 
to indicate that remote associations decreased as the time interval increased. 
These results, alone, do not constitute an embarrassment for Lepley’s hy- 
pothesis since they were obtained by the association method where the time 
between the stimulus and the response is not controlled. However, taken in 
conjunction with McGeoch’s (1936) findings that remote associations obtained 
by the association method have, if anything, shorter latencies than do adjacent 
associations, these results suggest that the Lepley hypothesis may not be entirely 
adequate. 

TIt is recognized, of course, that the occurrence of an anticipatory error 
represents the relative failure rather than the relative success of establishing @ 
trace-conditioned response. That is, poorly established trace-conditioned re- 
sponses tend to occur immediately upon the presentation of the conditione 


stimulus. Well-established responses of this kind, however, do not occur until 
a definite time period following presentation of the conditioned stimulus. 
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which remote associations, interpreted as trace-conditioned re- 
sponses, might be expected to have, and those found by the method 
of association. Both the method of anticipatory errors and the 
method of association reveal remote associations soon after learn- 
ing under conditions of delay which do not fit the Lepley hypoth- 
esis. As it stands, the hypothesis is interesting and suggestive of 
research, but requires extensive experimental testing before the 
extent of its interpretive potency can be known. If it is to include 
backward associations, this, too, remains to be worked out. 

(B) The Hull hypothesis. Hull (1935b, 1940) has greatly ex- 
tended the Lepley hypothesis and has made it cover other phenom- 
ena, such as serial position effects to which we shall come later. 
These extensions can best be described in the setting of other 
specific problems. The most important new feature for the present 


problem is his postulate (1940) that each item in a verbal series 


leaves a stimulus trace in the organism which continues with dimin- 


ishing strength throughout the remainder of a trial. The items which 
come later are simultaneous with this trace and, through it, become 
connected with remote items. By this means, associations between 
s, which are not responded to by the subject 
adjacent associations, in the sense that the 
d item on the organism becomes directly 
r items. This view is a 
oned response which 


spatially remote item 
as if adjacent, are still 
influence of the presente 
connected with the stimulus trace of prio 


more precise specification of the trace-conditi 


is basic to the Lepley hypothesis. 

Hull’s theory is reasonable and will account for a large number 
of facts within a single theoretical framework. It leaves some ques- 
£ which one is the relation between speed of 
f remoteness. The stimulus trace is assumed 
ccelerated rate, and the more remote 
ker the trace of the first one would 
d. This should bring about a weaker 
longer latency. Actually, the 
ation between degree of 


tions unanswered, © 
association and degree 0 
to diminish at a negatively a 
the connected terms, the wea 
be when the second is presente 
association with a correspondingly 


association method reveals no clear rel 
remoteness and latency. This, however, is an embarrassment faced 


by any theory which holds strength of association to diminish with 
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degree of remoteness while simultaneously asserting latency to be 
a measure of associative strength. 

(C) The Guthrie hypothesis. Guthrie (1935) holds that remote 
associations are possible because the stimulus item is still being 


responded to when the remote response item is presented. The con- 
tinued or recurrent response to the first item goes on, after the 
manner of Hull's stimulus trace, while the intervening items are 
being presented. Stimuli arising from these responses may become 
conditioned to later items in the series. This continued response is 
not necessarily reportable by the subject, nor is it a specific sur- 
rogate of the initial stimulus, but may be a series of movements set 
going by this stimulus. Association between spatially remote items 
is still adjacent association, however, because it is between the 
continuing effects of one term and the immediate presentation of 
another. Hull and Guthrie agree on this basic point, and on the 
assumption that something, set going by one item, continues while 
later items are presented. Hull assumes an unspecified trace in the 
organism. Guthrie assumes a continued response of some kind. 

Neither Hull nor Guthrie has worked out a systematic account 
of backward associations in theoretical terms. Guthrie’s theory is 
the more apparently open to direct experimental attack by means 
of a search for the continuing response, but actually this search 
is extremely difficult. No matter where one fails to find the response, 
unless one could have a complete measure of the response of every 
muscle fiber in the organism, a defender of the theory could reply 
that one had not looked in the right place. This is not to say that the 
theory is inadequate, but that it is immensely difficult to attack. If 
research leads to positive results, the elusiveness of the theory may 
vanish. 

(D) A mediate association hypothesis. It is possible, although no 
one has defended this view, that remote associations might be 
mediated by a connection between two or more items of a list and 
a common third item. The theory of the existence of mediate as- 
sociation is an old one which has generated more discussion than 


straightforward experimental study. Peters (1935) has shown that 


mediate associations do occur, if they are defined as the occurrence 
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of two items together in recall “because they have previously been 
associated with a common item.” Likewise, one item may moie 
another when the common item is perceptually or ideationally pres- 
ent at the time of recall. 

The concept may be illustrated by one of Peters’ experiments 
in which subjects learned a list of twenty paired words and letters 
and then learned a list in which digits were the initial items and 
the same letters as before were the second items. Later the subjects 
were presented with the words and asked to give the first number 
that came to mind. In this and other experiments mediate associa- 
tions appeared with a frequency which varied greatly from subject 
to subject and which tended to vary directly with the meaningful- 
ness of the material. Their numbers are not great, but their occur- 
rences is undoubted. 

It is conceivable that spatially remote items in a list might be 
associated through the connection of each with a third or mediating 
item. This mediating factor might be anything whatever in the 


environmental and experimental context, or it might be some com- 


mon factor in the subject’s own reactions, illustrated by an associa- 
tion between the items and the common verbalization, “this list.” 
One difficulty with this theory is that associations with items out- 
aterial being learned might be expected to be too weak 
the number of remote associations 
actually found. Another difficulty lies in the fact that the theory 
does not account for the decrease in remote associations with in- 
creasing degrees of remoteness. This latter difficulty might be 
solved by hypothesizing mediate associations of the second and 
third degree, but these, in turn, have never been independently 
demonstrated. Since no theory is, as yet, entirely acceptable, the 
possibility of mediate association is mentioned as one which may 
account for at least some of the remote associations. In principle, 
the mediate association theory can account for backward associa- 
tions, since, so far as is now known, mediate associations are not 
confined to one direction. 

(E) A generalization hypothesis. A generalization theory of 
ould hold that anticipatory and perseverative 


side the m 
and easily inhibited to mediate 


remote associations W 
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errors occur because of stimulus generalization. According to this 
view, when any stimulus-response relationship in a series gains 
strength, an increment may be expected in the tendency for similar 
stimuli also to elicit that response. The presentation of a second 
stimulus item, similar to the first, might evoke a tendency for the 
learner to respond incorrectly with the response to the first item. 
Although this theory has not been formally advanced, the possibil- 
ities of using generalization as an explanatory concept in verbal 
learning theory have been explored by Gibson (1940). Such a 
theory also receives inferential support by the results obtained by 
McGourty (1940). The theory does not account in any obvious way 
for the decreasing relationship which has been found to exist be- 
tween number of remote associations and degree of remoteness. 
On the other hand, explanation of backward association presents no 
problem to it. One deduction which should follow from such a 
theory is that more remote associations should be found in the 
learning of a homogeneous (all items similar) series than in the 
learning of a heterogeneous series. 

(F) Acquaintance. In his book, Association Theory To-day, 
Robinson (1932) has suggested the factor of acquaintance as one 
which may have been influential in producing what Ebbinghaus 
and others have taken to be remote associations. By acquaintance 
is meant practice at reading or reciting the syllables without regard 
to the temporal order in which they are learned in the test list. 
Waters (1939), however, has shown that varying amounts of prior 
reading and reciting of syllables do not significantly facilitate their 
learning in a new order. The numbers of repetitions devoted to ac- 
quainting the subjects with the syllables in this experiment were 
less than those usually required for learning a list, but Waters’ 
results raise doubt that the amount of acquaintance provided by 
learning a list would greatly affect the rate of learning it in a re- 
arranged order. Robinson's hypothesis, of course, was de 
explain data obtained by the method of derived lists, and was stated 
by Robinson before any considerable amount of data had been 
collected by means of other methods. At the present time, this 
hypothesis must be regarded as unpromising. 


signed to 
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(G) The initial reproductive tendency hypothesis. The theories 
of Lepley, Hull, and Guthrie have been formulated primarily to 
deal with remote forward associations and are incomplete to the 
extent that they do not as thoroughly include associations in the 
backward direction. The mediate association hypothesis and the 
generalization hypothesis, on the other hand, account for both 
remote forward and backward associations. A possibility exists, of 
course, that forward and backward remote associations occur under 
different conditions and that two explanations, rather than one, are 
required. A special hypothesis to account for backward associations 
has been suggested by Meyer (1939). This hypothesis states that 
backward associations may often be instances of the initial reproduc- 
tive tendency described by Müller and Pilzecker (1900). By this 
tendency they meant the fact that the presentation of one, and 
particularly the last, member of a learned series of items tends to 
elicit the initial item followed by the others in the sequence. mig 
word “Hesperus” is likely to elicit “The Wreck of the Hesperus, 


the final word of the known series eliciting the first. Meyer presented 


short lists, each line or item of which was composed of three non- 


sense syllables to be learned by the subjects, with the accent on 
various syllables under different conditions. After an interval of 
ten minutes, one syllable from each triplet was presented, with the 
instruction to speak whatever syllables came to mind. The subjects 
showed a clear tendency to give the first syllable of tie triplet, 
regardless of other conditions, thereby corroborating Müller and 
Pilzecker. This would ordinarily be called backward association, 
but Meyer insists that it is not. If it were, then backward associations 
in his results would be stronger than forward associations, because 
there is more backward than forward reproduction; and remote 
backward would be stronger than direct backward, because when 
the third syllable is presented, the first one is aroused more often than 
the second. These possibilities Meyer tejects, we l 
Instead of calling the results illustrations of an initial reproductive 


tendency, Meyer regards the forward temporal order of learning 
as an aspect of the complex or whole which was learned, and the 


V 
a roduce the whole i 
results as examples of a tendency to rep hole in the 
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order in which it was experienced. On this view, associations are 
not backward in the sense usually meant, but are only apparently 
so as a result of this tendency to reproduce the whole complex. His 
empirical results are clear. It is unknown whether the tendency to 
reproduce the whole, beginning with the initial item, is more than 
a habit of beginning at the beginning, elicited in a given case by 
the remote connection between each following item and the first 
one. This interpretation was framed in the context of short series of 
three syllables each. It has not been offered in explanation of the 
large number of remote associations found by the association method 
or of the much less frequent ones found under the perseverative- 
error method. 


Contiguity and Remote Association 


The hypotheses of Lepley, Hull, and Guthrie agree in assuming 
that some process initiated by the items in a presented series con- 
tinues, without overt or reportable effort on the part of the subject, 
until the presentation of later items. The process established by 
each earlier item is contiguous with that set up by each later one, 
and associations between them are by contiguity. This emphasis on 
contiguity flows from the difficulty of conceiving a connection be- 
tween temporally separated events which are not connected by 
physical processes of some kind. The mediate association hypothesis 
and the generalization hypothesis, however, do not account for 
remote associations in terms of the contiguous presentation of the 
associated items. Rather, these hypotheses make use of other 
contiguously learned responses in their explanations. The mediate 
association theory appeals to the demonstrable fact that two associa- 
tions made with a common item may result in one stimulus eliciting 
a response with which it has never been directly associated. The 
generalization hypothesis appeals to the facts of stimulus generali- 
zation and transfer of training for its explanation. In neither type of 
theory, however, is it assumed that associations may be formed 
between items which are separated in time without the mediation 
of some kind of physical process. 
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LEARNING AS A FUNCTION OF SERIAL POSITION 


Many of the conventional learning materials are composed of 
readily discriminable parts, many of which are formally equal. 
Verbal lists are composed of separate items, mazes are composed of 
sections of paths separated from each other by turns, and some 
rational problems are a series of steps or parts. In such cases, learn- 
ing of an item or part may be plotted as a function of its serial 
position. The earlier experimenters on this problem stated it in 
terms of primacy and recency, as if the question were concerned 
only with the relative ease of learning the first and the last items 
in a series. The problem is more general than this, however. The 
general question is concerned with the form of the relationship 
between the ordinal position of an item in a series and the rate 


of learning of that item. 


Characteristic Serial Position Curves 


The anticipation method of learning verbal lists is admirably 
fitted to yield clean-cut data on serial position effects because it 
assures the exposure of each item for a constant time and because it 
provides a trial-by-trial record of the subject’s behavior on each 


item. The curves published by Ward (1937) for lists of 12 nonsense 
f serial position curves obtained in verbal 


syllables are typical o 
lists. (Figure 10.) These curves show the effects of serial position 


at different stages of practice from the trial on which only 3 items 
are correctly anticipated through the trials on which 5, 7, 9, and 11 
are correct. The high points occur at the ends of the list. The curves 
then dip down from either end to a low point near the middle 
of the list to give the bow-shaped curve which the usual measure- 
anticipation method show. The extent of the central 
dip is large early in practice, but decreases as practice proceeds. The 
first positions have an advantage over the final ones during the 
early trials, but this difference diminishes toward zero as complete 
learning is approached. The curve for the criterial trials must nec- 
essarily become a straight, horizontal line. It will be noticed that, 


ments with the 
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until learning is complete, the major portion of the dip in the curve 
is toward the right of the center of the series, giving a curve which 


is not symmetrical. 


F ANTICIPATIONS PER TRIAL 


| 2 3 4 5 6 7 8 9 H uU R 


POSITION OF SYLLABLES IN ROTE SERIES 


© MEAN NUMBER O! 


MEAN NUMBER OF CORRECT Anticipations AT EACH POINT IN THE 

Rore Series FOR Five LE $ 

(From Ward, Psychol. Monogr., 1937, 49, No. 

The individual curves are cach marked with the level of mastery represented. 

Curves are given for levels of mastery of 3, 5, 7, 9, and 11 correct anticipations, 

respectively, in a single learning trial. The graphs are based on the data secured 
from 12 different lists learned by each of 12 subjects. 


Fic. 10. 


Curves of this general form appear under a large number of con- 
ditions. They are not confined to verbal lists, but may appear, 
though with less regularity of form, in some maze learning and in 
some rational learning problems. Warden (1924) has shown, for 
example, that in the learning of a multiple-U stylus maze the aver- 
age number of cul-de-sac entrances into the first three alleys is 
11.2, into the middle four is 23.3, and into the final three is 16.9. The 
first and last parts of the maze are learned with fewer errors than 
is the middle, and the first part with fewer than the last. Cul-de-sac 
entrances are less cleanly isolated units than are verbal items, but, 
even so, the constancy of the relation between serial position and 
rate of learning in different groups of subjects is high. The rank- 
difference correlation between Warden's records for mean number 
of entrances and data obtained by Peters and McGeoch (1935) is 
0.987. 
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Measurements of the learning of a number of mazes agree in 
z o 
at least a rough primacy-finality superiority, with accom- 


revealing 
r difficulty of the intermediate choice-points. When 


panving greate: 
one considers the behavior complexity elicited by a maze, no high 
stability of relation between serial position and rate of learning is 
aze to maze. Unless different sections of a 
ationship with serial posi- 


curves obtained in meas- 


urements of animal learning will not be considered here, and the 


major emphasis will be upon results obtained with verbal lists.* 


to be expected from m 
maze are homogeneous, regularity of rel 
tion is not to be expected. Serial position 


Serial Position Curves of Oscillations 
at the Threshold of Recall 


ation method, subjects frequently an- 
and then fail to anticipate 
xt correct response. Hull 


In learning by the anticip 
ticipate any given item one oF more times 
it for one or more trials before the ne: 
(1935) has called such a sequence of successes and failures an 0s- 
at the threshold of recall? In the following record 
a minus sign indicates a failure to antici- 
anticipation, there are three 


cillatory cycle 
for a single item, in which 
pate and a plus sign indicates a correct 
oscillation cycles, one oscillation being counted each time one or 


more consecutive plusses are followed by one or more consecutive 


minuses. 


spe SOR ae 


S The literature concerning the investigation of analogous problems in animal 
maze learning is extremely rich. Order of blind alley elimination is a function 
of a great man) ariables. Some of these are reviewed by Buel (1935). Other 
important pape include those by Hull (1931, 1932, 1934a,b), Yoshioka 
(1929), Spence (1932), Spence and Shipley (1934), and Grice (1942). One 
outstanding difference in the form of the serial position curve obtained in 
animal studies and those reported in this chapter is the general finding sub- 
sumed under the concept of the goal gradient—that there is a backward elim- 
ination of errors from the goal. Hull (1948) has shown that this may be a 
function of terminal reinforcement since, when reinforcement is given after 
each correct choice, the serial position curve much more nearly approaches the 
type obtained in verbal learning experiments. 

9 This oscillatory cycle is an empirical event as used here and should not 
be confused with the postulated, oscillating inhibitory potential, sOy, which 
plays a role in Hull's (1948, 1950) later theoretical systems. 


en See 
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Hovland (1938) and Shipley (1939) have independently shown 
that the number of oscillations between the first success and the 
last failure resembles the serial position curves which depict only 
number of correct responses (or of failures). This means that there 
is, at the ends of the list, a smaller spread between the first success 
and the last failure than in the middle of the list. Once a subject 
has correctly anticipated the early and late items he is less likely 
to fail to anticipate them (forget them) on the following trials 
than he is the once-anticipated intermediate items. 

The number of oscillatory cycles in the learning of any item is, 
thus, a function of the serial position of the item. It may be that 
this number provides another measure of the amount of inter- 
ference to which an item is subjected. 


Conditions of Which Serial Positions 
Curves Are a Function 


The serial position curves which have been described are char- 
acteristic of those found under a large number of conditions. They 
should not, however, be regarded as absolutes. The frequent ap- 
pearance of the bow-shaped relationship means merely that, as 
verbal lists and mazes are often constructed and learned, the condi- 
tions which determine this relationship are relatively stable. Condi- 
tions have been found which disrupt and change this relationship, 
and conditions could probably be devised to yield any desired form 
of serial position curve. 

(A) Direction of effort. Subjects are usually instructed to devote 
an equal amount of effort to each item in a list, and this instruction 
may be one of the conditions which favors the bow-shaped serial 
position curve. Kreuger (1932) has measured the serial position 
effects when three groups of subjects learn lists of 12 pairs of 
logically unrelated nouns, each group working under a different in- 
struction. One group was told only to learn as rapidly as possible; 
one was told to learn the first 3 and the last 3 pairs first; a third was 
instructed to learn the middle 6 pairs first. Learning was tested after 
each presentation by giving the stimulus words in a different order 
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from that of presentation. When no specific instruction is given, the 
first 3 and the last 3 positions yield much more rapid learning than 
the middle 6, but, when effort is directed first to the middle 6, they 
are learned more rapidly than the items on the ends. Instruction to 
learn the end positions first increases, somewhat, the already high 
values at these positions. This unsurprising result indicates that the 
conditions which determine the shape of the serial position curve 
under ordinary circumstances of learning are not influential enough 
to overcome differences in distribution of effort put forth by the 
subject. 

(B) Uncontrolled order of recall. Investigators have occasionally 
presented a list of verbal items once or oftener to their subjects 
and have then permitted free recall in any order. Under this proce- 
dure, subjects often recall the last items first, with a resulting serial 
position curve like that of Figure 11. This method introduces un- 
equal time intervals and varying amounts of interpolated activity 
between the presentation and recall of items in different positions, 


and the form of the relation between serial position and the measure 
a function of the peculiarities of this method. In a 


of learning is 
ared the serial position curves obtained with 


study which comp 
five different methods of presenting nonsense syllables and measur- 


ing learning, Raffel (1936) obtained five different serial position 
curves, varying from the usual bow-shaped curve obtained under 
the anticipation method to a skewed curve like that of Welch and 
Burnett (1924) shown in Figure 11. That a method which gives 
equal formal opportunity to every position is to be preferred in 
measuring serial position effects should not obscure the fact that 
the relationship which is obtained may be a function of the 
method used to obtain it. 

(C) Massed versus distributed practice. Lists of 12 nonsense 
syllables are learned to a criterion more rapidly under distributed 
practice in which a rest interval of two minutes and six seconds 
een trials than under massed practice in which 


is introduced betw: 
ch other with only six-second intervals between 


the trials follow ea 
them. The difference between the two conditions of practice is 


much greater at the central positions of a series than at the ends, 
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Fic. 11. SeraL Posrrion Curve OBTAINED BY METHOD OF UNCONTROLLED 
SEQUENCE OF ATTEMPTED RECALL 


(From Welch and Burnett, Amer. J. Psychol., 1924, 35, p. 399) 


as Figure 12 reveals. Where the serial position curves thus far re- 
produced have been curves of positive performance, those in Figure 
12 are for mean number of failures. Results obtained under the 
anticipation method may be shown with equal clarity in either way. 
These curves of Hovland’s (1938b) show that the double gradient 
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of serial position effect is steeper under massed than under distrib- 
uted practice, values at the ends being nearly coincident under the 
two conditions. In another study, Hovland (1938) has found that 
this difference increases as the lists increase in length from 8 to 14 


items. 
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(From Hovland, J. exp. Psychol., 1938, 23, p. 178) 


Each point is based upon the mean of 64 learning scores. Failures are com- 
puted beginning with the first trial on which the subjects attempt recall, i.e., the 


second rotation of the drum. 


f syllable presentation. Hovland (1938) has also 
shown that the steepness of the serial position gradients is a function 
of the rate of presentation. When the presentation time of each 
syllable in a 12-syllable list is increased from two seconds to four 
seconds, the mean trials required to attain a criterion of 7 syllables 
correct out of 12 decreases from 6.05 to 3.28. The greatest reduc- 
tion in the number of errors comes in the central positions, partic- 


(D) Speed o 
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ularly at the customary point of greatest difficulty, that is, just 
beyond the center of the list. (Figure 13.) Smaller, but similar 
changes take place in the number of oscillations at the threshold 
of recall. 
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MEAN NUMBER OF FAILURES 
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‘== TWO- SECOND PRESENTATION 
=== FOUR- SECOND PRESENTATION 
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Fic. 13. Composite Grapus Suowinc NUMBER or FAILURES MADE AT EACH 
SYLLABLE POSITION DURING LEARNING TO A CRITERION OF 7 SYLLABLES CORRECT 
WITH Two-sEconD AND FOUR-SECOND RATES OF PRESENTATION 
(From Hovland, J. exp. Psychol., 1938, 22, p. 341) 

Each point is based upon the mean of 128 determinations. Failures are com- 
puted beginning with the first trial on which the subjects attempt recall, i.e., 
the second rotation of the drum. 


(E) Amount of practice at learning. It has long been known 
that practice at learning successive lists of verbal material brings 
a considerable increase in rate of learning. The graph in Figure 14 
shows that, with this increase in rate, there may also come a fatten- 
ing of the serial position curve, an increased relative advantage of 
the first position, and an increasing tendency to learn from the first 
of the series. The data from Lepley’s (1934) work are for the first 
and second six lists learned, but approximately twice as much prac- 
tice had been obtained during this period upon lists not mentioned 
here. The tendency to make fewer errors early in the list has been 
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“0 
shown to have increased from the first list onward in a continuous 


manner. 
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Fic. 14. Seman Posrrion Curves at Two DIFFERENT STAGES OF PRACTICE 
(From Lepley, Psychol. Monogr., 1934, 46, No. 205, p. 42) 


(F) Length of list. The characteristics of the serial position curve 
vary as a function of the length of the series being learned. Robinson 
and Brown (1926) and Hovland (1940) have obtained data which 
indicate that the point of maximum difficulty in the series changes 
systematically as length of list is increased. The data presented in 
Table VII illustrate this shift. It will be noted that as length of list 
increases, the relative distance from the beginning (or center) of 
the list to the point of maximum difficulty decreases. 


Taste VII 


Tur RELATIONSHIP BETWEEN LENGTH OF List AND RELATIVE POSITION 
or tur Point or Maximum DIFFICULTY As MEASURED IN TERMS 
or MEAN NuMBER OF FAILURES DURING PRACTICE 


(From Hovland, J. exp. Psychol., 1940, 27, PP- 271-284) 
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(G) Other conditions. The conditions discussed have been suf- 
ficient to demonstrate that, even with homogencous materials 
practiced under carefully controlled conditions, the detailed charac- 
teristics of the bow-shaped serial position curve vary with conditions, 
of which distribution of practice, rate of presentation, length of 
list, and amount of prior practice are examples. The introduction of 
variations in the direction of effort or of uncontrolled order of 
recall will alter the curve still further. The variations which may be 
introduced are numerous. It is the implication of Von Restorffs 
(1933) work on another problem, for example, that heterogencity 
of the material, such as is represented by substituting a two-place 
number for one of the syllables in a list of nonsense syllables, may 
sharply alter the curve at that position in favor of the isolated item. 
Pillsbury and Raush (1943) have shown, however, that as the num- 
ber of heterogeneous items is increased, this isolation effect regu- 
larly decreases. 

Lepley (1934) has found that a sampling of Grade VII children 
shows a less marked primacy effect than a sampling from Grade XI, 
although both groups exhibited an increasing primacy effect as 
practice with similar lists continued. 


Not all conditions which affect rate of learning cause variations 
in the relation with serial position. Mitchell (1933) finds that use of 
continuous presentation of lists of three-place numbers from the 
first trial to the criterial trial does not markedly change the serial 
position curve from that obtained by Robinson and Brown (1926) 
who introduced the customary short temporal gap between trials. 

Recently, Malmo and Amsel (1948) have studied serial position 
effects in clinical patients suffering from severe 


anxiety. Their 
results indicate that the shape of the seri 


al position curve may be 
altered by what they term anxiety produced interference. This 
interference shows itself during the early part of the 


series and 
causes a decrease in the 


amount of skewness which is usually found 
in the serial position curve. Under similar conditions, six bil 
frontal Syrectomy cases were studied. The results from this group 
indicate that organic damage of this type leads to an increase in the 
typical serial position effect. Malmo and Amsel hold that anxiety- 


ateral 
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produced interference results from interference by irrelevant re- 
ut of the patient's anxiety state while the organic 


sponses arising O 
a an increased susceptibility to intra-serial inter- 


damage results ir 
ference. 

The suggestion has frequently 
learning at the initial position or positi 
rehearsal, a result of the subject's thinking back over the earlier 
on the later ones. This may be possible, but 
the studies of the serial position curve under 
ates. Here, it will be 


been made that the rapid rate of 
ons may be a function of 


items during practice 
it is not supported by 
conditions of slow and fast presentation T 
remembered, a greater relative advantage accrues to the initial 
position under fast presentation, a condition which allows less 
opportunity for rehearsal. There is also the possibility that the faster 
learning of the early and late items may be a function of rehearsal 
brief intervals between trials. During this interval, the 
ak of the last few items presented to him and then 
to be asked to recall when the next trial begins. 
Against this hypothesis stands the result obtained by Mitchell 
(1933 ) who did not use an interval between trials. Also against it is 
the fact that trained subjects do not report such rehearsal, yet show 
d curves, that serial position effects are obtained on the 
letely presented material recalled immediately (as 
by the memory span method), and that inter-trial distribution of 
ases rather than increases this phenomenon. When 
also, the susceptibility of serial position curves to 
with which there is no reason to 
one must conclude that rehearsal 


during the 

learner might thir 
g 

of the few he is 


bow-shape 
first trial of comp 


practice decre 


one considers, 
variation with other conditions 
expect rehearsal to vary similarly, 


is not a major determiner of the curves obtained. 


Hypotheses Concerning Serial Position Effects 


(A) Hull's deduction of serial position effects. Of all the theories 
have been constructed to explain serial position effects, 
Hull (1940) is, by far, the most compre- 


the one proposed by 
an earlier formulation (1935b), Hull had 


hensive and complex. In 
position effects in terms of the Lepley hypothesis. 


which 


explained serial 
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This theory, which is illustrated by the diagram in Figure 15, 
involved the assumption that each stimulus item in the series be- 
comes connected to each later response by connections analogous 
to trace-conditioned responses. Thus, during practice of the middle 
items, there are present, simultaneously, inhibitions connected with 
these trace-conditioned responses. This inhibition is considered to 
be analogous to the inhibition of delay obtained in delayed and 


KEM FAP ZIT Fev JUD KEX POF 
fe) 5 8 9 8 5 (0) 


Fic. 15. DIAGRAMMATIC REPRESENTATION OF BOTH THE IMMEDIATE AND 
Remote Forwarp EXCITATORY TENDENCIES ASSUMED To Bre OPERATIVE IN 
Rote SERIES 
(From Hull, Psychol. Rev., 1935, 42, p. 502) 

The straight broken arrows represent immediate excitatory tendencies, and the 
curved solid arrows represent remote excitatory tendencies. The number of re- 
mote excitatory tendencies spanning the several syllables is given beneath each. 
trace-conditioned response experiments (cf. Chapter III). Re- 
sponses in the intermediate positions are, thus, subject to an inhibi- 
tory influence, the amount of this influence being dependent upon 
the number of trace-conditioned responses which span the item in 
question. One difficulty with this hypothesis is that it places the 
point of maximum difficulty in the center of the list. In actuality, 
the point of maximum difficulty appears to fall beyond the center of 
the list and appears, furthermore, to vary in position with certain 
of the conditions of learning. This inadequacy, among others, led to 
the publication of the much more extensive Mathematico-deductive 
theory of rote learning (1940) by Hull and his collaborators.’ This 
work represents one of the most ambitious attempts to construct 
learning theory and is far too lengthy and complex to be discussed 


10 C. I. Hovland, R. T. Ross, M. Hall, D. T. Perkins, and F. B. Fitch. 
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in detail here. In general, the theory deals with three classes of rote- 
learning phenomena: serial position effects, the course of acquisition 
of rote-learned responses, and retention (including reminiscence). 
The serial position curve is dealt with in terms of a modification of 
the Lepley hypothesis which yields an excellent quantitative fit to 
much serial position data. The postulate system predicts the skew- 
ness of the serial position curve and some of the variations in the 
position of the point of maximum difficulty. The effects of distribu- 
tion of practice and the effects of a single interpolated rest period 
are also predicted with considerable accuracy. Some deductions con- 
cerning minor phenomena have not yet been subjected to experi- 
mental test. Furthermore, an occasional deduction may be found 
which contradicts the findings of a particular experiment. However, 
when one considers the wide variability of human learning data and 
the relative lack of standardization of rote-learning experimental 
situations, small discrepancies of this sort are not particularly 
surprising. 

One point concerning this type of theoretical formulation should 
be emphasized. The formal properties of the system should be 
sharply distinguished from the names which Hull gives to the 
processes under consideration. The formal properties are those 
which are defined by experimental (stimulus) events and the postul-. 
ated interactions between these intervening variables, so defined. 
For instance, Hull postulates the existence of “inhibitory potential.” 
This concept he formally defines in terms of experimental variables, 
Hull goes on, however, to identify (in prose) this concept with the 
Pavlovian concept of internal inhibition. This identification is un- 
necessary in the sense that definition, in terms of experimental oper- 
ations, has already been accomplished. It becomes useless there- 
fore, to argue whether or not the concept of internal inhibition may 
be applied to rote-learning phenomena or whether inhibitory poten- 
tial (in this system) behaves exactly as does the inhibition of delay. 
The only important consideration is the internal consistency of the 
system and the precision of prediction made on the basis of the 
stimulus-inferred intervening variables and the postulated relation- 


ships between them: 
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A final word should be said in app ' of Hull's theory. The 
value of this work lies not only in its pre ion in predicting serial 
position effects, but also in the range of the phenomena the system 
covers. Since, within a single postulate system, Hull is able to 
predict a wide range of other phenomena, the theory possesses a 
comprehensiveness which greath increases its value. That many 
of the postulates will almost certainly ha'e to be modified in the 
future only points to the need for continuing theoretical work of a 
precise, quantitative nature. 

(B) Explanation in terms of compelin- yesponses. Hull's explana- 
tion of the phenomena of serial positio is in terms of inhibition 
exercised by position-spanning re: te ¿ sociations. These inhibi- 
tions, as we have seen, are presumably ide. tifiable with the phenom- 
enon of inhibition of delay and, as such, have the property of 
decreasing any excitatory tendencies which might be elicited dur- 
ing their existence. Another possibility of inhibition exists in the 
failure of a particular response to occur owing to the simultaneous 
elicitation of another, incompatible, response tendency. During the 
learning of a rote-series, if two responses have a tendency to be 
elicited by a single stimulus, usually both of these responses cannot 
be made. Either the correct response can be made or an error can 
occur, depending upon which one of the response tendencies pre- 
vails. Still more common, in all probability, is the mutual blocking 
of the two response tendencies so that no response at all occurs, 
The competition between two or more mutually incompatible re- 
sponses offers, then, a potential explanation of difficulty in learning 
various items in a rote-series. In order to explain serial position data, 
however, two additional explanations are required. These are: (1) 
how and why does a particular stimulus come to acquire tendencies 
to evoke more than one response, and (2) assuming that this form 
of inhibition does exist, why does it distribute itself differentially 
over the series? The latter it must do if serial position curve data 
are to be explained. A number of possibilities exist with respect to 
each of these questions. 

As to the first question, it will be recognized that we are asking 
for an explanation of remote associations. The fact of remote as- 
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sociation creates an almost conclusive presumption that various 
stimuli in a series acquire multiple response tendencies. We have 
already reviewed various hypotheses which attempt to account 
for remote associations. They include: (1) the setting up of trace- 
conditioned responses, whether in terms of a perseverating neural 
trace (Hull) or in terms of a perseveration of stimulus-producing 
activity (Guthrie), (2) the formation of mediate associations, aid 
(3) the occurrence of remote associations by means of stimulus 
generalization. 

The second question poses a more difficult problem. One possible 


explanation lies in the assumption that strength of remote associa- 
tions is a negatively accelerated, decreasing function of degree of 
remoteness combined with the assumption that backward associa- 
tions are weaker than forward ones of a comparable degree of 
remoteness. In view of the data which have been presented earlier 
in this chapter, both of these assumptions would appear to be 
reasonable ones. If the proper functions are postulated, and if it 
ed that the strength of the adjacent forward associations is 
decreased by interference to an extent which is proportional to the 
combined strengths of all remote associations (including backward 
erial position curve may be predicted which bears 
close resemblance to those which are actually obtained. A recent 
theoretical-experimental paper by Bugelski (1950) explores this 
possibility as far as remote forward associations are concerned. 

A closely related point of view was first proposed in 1920 by 
Woodworth and Poffenberger and apparently independently in 
1928 by Foucault." On this view, there occur within a series two 
interference effects of the same kind as those which are known to 
occur between series. These will be described first as inter-serial 
phenomena and then applied to learning within a single series. 
One is proactive inhibition, which is the interference effect of learn- 
ing a first list (or other activity) upon the learning of a second. 
The other is retroactive inhibition, which is the interference effect 


is assum 


associations), 2 $ 


w may be reduced to a single hypothesis if certain 


11 These two points of vie 7 
ding the nature of proactive and retroactive in- 


assumptions are made regar 
hibition. 
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of a second list upon the retention of its predecessor. Within a 
series, each item may have a proactive effect on all following items, 
and each one after the first may have an inhibitory effect (retro- ` 
active inhibition) upon all preceding ones. In the learning of a 
series, the initial term is completely free from proactive inhibition, 
and the early items are relatively freer from it than are the later 
ones. In a like manner, the final item is entirely free from retro- 
active inhibition, and the later items are freer from it than the 
earlier ones. The early and late items in a list will have an advantage, 
therefore, over the intermediate items because, in the latter case, 
the two forms of inhibitory action are both in operation. 

In support of the hypothesis that the serial position curve may be 
a function of proactive and retroactive inhibition, Foucault's (1928) 
data may be offered. He has presented serial position values for 
the immediate recalls of lists of 3, 4, 5, 6, and 7 words by children 
aged ten to fourteen. If we consider the influence of retroactive in- 
hibition to be measured by the number of times the first word in a 
list is omitted or forgotten, and the influence of proactive inhibition 
to be measured by the number of times the last word is forgotten, 
the results (Table VIII) are what one would expect if each one of 


Taste VIII 
Numer or First anp Lasr Irems FORGOTTEN IN Lists 
or DIFFERENT LENGTHS 
(From Foucault, Année Psychol., 1928, 29, p. 100) 


Number of Words in the List 


3 4 5 6 7 
First items forgotten 2 12 26 37 47 
Last items forgotten 2 9 39 34 33 


the inhibitory effects were a function of the number of potentially 
effective items. The number forgotten at the first position increases 
steadily as the list increases in length. The number forgotten at the 
last position fails to increase without inversion, but this does not 
invalidate the general hypothesis. 

If the two forms of inhibition work additively, the fourth word 
in a 7-word list should suffer the sum of the forgettings of the first 
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and last items in a series of four words, because there are 3 words 
that may interfere proactively and 3 that may interfere retroactively 
in each case. The sum of the words forgotten at the first and last 
positions in a list of four words is 21, but the total number of times 
the fourth word in a 7-word list is forgotten is 81. The combined 
action of proactive and retroactive inhibition must be assumed to 
be greater than the simple sum of the influences of the 3 antecedent 
and the 3 consequent words. Foucault accounts for this by assuming 
that the connections of succeeding words are weakened by pro- 
active inhibition and are, thus, less able to resist retroactive inhibi- 
tion from subsequent words. 

One difficulty with this view is that, if the influences of proactive 
and retroactive inhibition are assumed to be equal, then the point 
of maximum difficulty should fall in the middle of the list. In order 
skewed curve, it is necessary to assume that 
han retroactive inhibition. This as- 
asis of Foucault’s data 


to predict a properly 
proactive inhibition is stronger t 
sumption would be difficult to make on the b 
or on the basis of the findings regarding proactive and retroactive 
inhibition as these operate inter-serially. One way to resolve this 
ume that the later items in the list are more sus- 


problem is to ass 
ause of the weak- 


ceptible to the effects of retroactive inhibition bec 
ening effects of proactive inhibition. 

This theory may be attacked directly by discovering whether the 
form of the serial position curve can be made to vary by changing 
certain similarities among the component parts of a list. Amount 
of inter-list proactive and retroactive inhibition is a function of the 
degree of similarity between the two lists, and, if the present theory 
is valid, amount of intra-list interference should be a function of 
the similarities between different sections of the list. Using specified 
amounts of similarity between the Witmer consonant syllables in 
the two ends of certain lists and among the middle four syllables in 
other lists, McGourty (1940) has produced certain variations in the 
form of the serial position curve which the theory would predict. 
Lists constructed in a way to distribute randomly the formal similar- 
ity which is inevitable when the items are constructed solely from 
consonants gave the usual bow-shaped curve (A in Figure 16). 
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When, however, the first three and the last three items are formally 
similar (i.e., have common letters, as MXK and BKX) both within 
each group of three and between the two groups of three, Curve B 
in Figure 16 is obtained. The mean number of correct anticipations 
per trial at each of these six positions is considerably lower than at 
the corresponding positions in the control (random formal similar- 
ity) group. and at the same time, the values at the intermediate four 
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positions are clearly increased. Not only has the introduction of 
formal similarity decreased the amount of learning of the similar 
items, but it has yielded a more rapid learning of the intermediate 
items. This confirmation of the deduction from the interference 
hypothesis tends, of course, to support that interpretation.'* 

The competition of response point of view is not as rigorously 


worked out as is the Hullian theory, and deductions made from it 

1? It goes without saying that this finding also supports an hypothesis based 
on remote associations occurring as a result of stimulus generalization, Mc- 
Gourty’s results appear to be clearly in support of an interference rather than 
an inhibition of delay point of view. Hull (1940) makes no assumptions about 
the development of inhibition as a function of item similarity. On the other 
hand, assumptions of this kind could be introduced without changing the 
fundamental structure of Hull's system, a fact that Hull, 


himself, apparently 
recognized before the publication of McGourty’s results, as a res: Pi vork 
done by Gibson (1938). a eeab a Ay 
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are much less precise in character. It is difficult, therefore, to com- 
pare these points of view. It is, however, entirely possible that the 
two theories may eventually be brought together in the form of a 
single hypothesis. 

(C) Serial position curves as a function of two types of learning. 
Recently, Ribback and Underwood (1950) have advanced an in- 
genious hypothesis to account for serial position data. Starting from 
the frequently observed fact that subjects tend to learn a serial 
list from the ends (working toward the middle), they note the pos- 
sibility of two distinct learning processess. The first of these involves 
the usual formation of adjacent forward associations. The second 
type of learning, which operates at the posterior portion of the list, 
involves the formation of “backward associations” of a rather special 
kind. That is, the subject learns that item 9 is the stimulus for item 
10 and then must reverse this process (giving 10 for 9) during 
actual recitation. These two forms of learning, Ribback and Under- 
rm A and B learning, respectively. If A learning occurs more 
a possible explanation of the skewed serial 
an experiment designed to test the relative 


wood te 
readily than B learning 


position curve exists. In 
rates of A and B learning, two groups of subjects were first required 


to learn a list of 6 pairs of nonsense syllables presented in a random 
order and learned by the method of paired-associates. Each group 
then learned a derived list, which was composed of the original pair 
of syllables plus a third syllable. This third syllable was placed, in 
one group, to serve as a response to the original pair presented as a 
stimulus. In the other group, the third item was placed as a stimu- 
lus for the elicitation of the originally learned pair. This may be 


schematized as follows: 


Original list QEL (Sı) FIP (R) 
Derived list 

BLS FIP (R, S2 MYD (R; 
(A learning) Q (S1) (Ri, S2) (Re) 
Derived list MYD (Sz) QEL (Re, S;) FIP (R,) 


(B learning) 


It will be seen that the learning of the first derived list is an example 
of A learning while the learning of the second derived list is an 
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example of B learning. Since the results of this experiment demon- 
strate the faster learning of the first type of derived list (A learning), 
the hypothesis proposed by Ribback and Underwood is supported. 
Although not enough data exist for a thoroughgoing evaluation of 
this hypothesis, it is to be hoped that more experimental work will 
be conducted with respect to this theory. 

(D) Set and association with position. It has been suggested 
(Woodworth and Poffenberger, 1920) that association with position 
is another basic condition of serial position curves.'* The first and 
last items are the ones most likely to be associated with their ordinal 
numbers or some other symbolic equivalent of serial position. To 
some extent the other early and late items share in this association 
with position, but the middle items are much less likely to become 
associated in this way because the intermediate serial positions are 
less clearly identified and discriminated during practice. The serial 
positions, coming in an order already known to the subject, presum- 
ably act by providing a ready-made mnemonic system into which 
he fits the new items. 

Working hand in hand with this association between position 
and item may be the influence of a set toward the first and last 
items, a set which may spread somewhat to give the double gradient 
so often found. Kreuger’s results have already demonstrated the 
effectiveness of set as a condition of the serial position effect. This 
hypothesis, in terms of set and association with position, lacks the 
generality of the Hullian hypotheses or the competition of response 
theory, and has led to no great amount of experimental study. It has 
long been known, however, that subjects may and do use serial 
order as a mnemonic aid, so that the hypothesis is not without 
foundation. It can give a good account of the primacy-finality effect 
and of the slower learning of the intermediate items. On the other 
hand, it has no ready answer for the fact that the slowest learning is 
past the center of the list. In general, then, this must be regarded as 
the least promising of the present-day theories of the serial position 
phenomena. 


13 For more recent evidence of association with 


pe position and its role in inter- 
serial interference, cf. Melton and Irwin (1940). 
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V 


THE DISTRIBUTION OF PRACTICE 
AND REMINISCENCE 


INTRODUCTION 


Tue relative efficacy of distributed over massed practice was first 
demonstrated by Ebbinghaus in 1885. This demonstration presented 
to Ebbinghaus something of a contradiction within his own data, 
for the favorable action of rest intervals could not have been 
deduced from his findings regarding the shape of the retention 
curve for similar types of material. This contradiction was made 
more conspicuous in 1897 when Jost’s findings appeared to discredit 
the earlier theories of fatigue and boredom which had been ad- 
vanced to account for the superiority of distributed practice. 

The early investigations of the advantages which followed the 
spacing of practice were mostly of an exploratory nature. Simul- 
taneously with these early investigations, prolific theorizing was 
being undertaken, By 1915, no fewer than six separate theories had 
been designed to account for the results that had been obtained.’ 
These theories were, for the most part, of an exceedingly vague 
nature, in the sense that crucial experimentation upon them was 
difficult to perform. Evidence of this vagueness may be found in 
the fact of the vitality of the theories, several of them having sur- 
vived several apparent death blows to arrive, relatively unscathed, 
upon the contemporary scene. Exploratory work on the distribution 
of practice phenomena persisted until approximately 1930 when 
several factors combined to cause a fundamental change in the 
nature of the research which has been accomplished since that time. 

Reminiscence, although intimately related to the distribution of 

‘It is interesting to note that, during the thirty-year period from 1885 to 
1915, only twenty references, either experimental or theoretical, appear in the 
literature concerning the distribution phenomenon. 
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practice, and although it offered to the theoretician a type of re- 
tention curve more compatible with the implications of the early 
distribution results, was not isolated as a separate phenomenon 
until the work of Ballard in 1918. Ballard’s work was followed in 
the next year by Huguenin’s (1914) study, but a lapse of nearly ten 
years took place before reminiscence was again brought under ex- 
perimental scrutiny by Brown (1923) and Williams (1926).? The 
early work on reminiscence, like the early work on the distribution 
of practice, was largely exploratory in nature. This phase of the 
research may be thought to culminate in a study of the conditions 
of reminiscence by G. O. McGeoch (1935). 

During the 1930's, the character of research on reminiscence and 
distributed practice underwent a change. Fundamentally, this 
change was related to a general refinement of experimental tech- 
niques which was taking place in other areas of the study of learn- 
ing. The immediate cause of the change, however, was probably 
the development of coherent and specific learning theories, which 
gave purpose and direction to subsequent research. Thus, the work 
of Doré and Hilgard (1937, 1938), Hovland (1938a, 1938b, 1938c, 
1939a, 1939b, 1940a, 1940b, 1949), Melton and Stone (1942), and 
McClelland (1942, 1943), to mention but a few instances, was 
solidly oriented with respect to a test of theoretical implications, or 
with respect to the testing of a difference between deductions made 
from two opposed theories. Thus the experimentum crucis came to 
take the place of the exploratory experiment as the predominant 
research tool. 

From the time when experimentation shifted from the earlier to 
this later orientation, the differences between distributed practice 
and reminiscence tended to become minimized. The developing 
theories, without exception, viewed reminiscence and distributed 
practice as being different aspects or expressions of the operations 
of the same factors, thereby making the two sets of phenomena 
theoretically continuous. Following the work of Ward (1937), the 


2 Studies by Robinson (1921) and McClatchy (1925) conform closely to the 
present definitions of reminiscence but were published as studies of the dis- 


tribution of practice. 
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two also became continuous in terms of the experimental operations 
by which they were each defined. Subsequent research has made 
small distinction between them, except that distribution of practice 
experiments typically have employed multiple intervals of rest, 


whereas the reminiscence experiments have used a single rest 
interval. 


The Problem of Definition 


As we have noted, contemporary theories attempt to explain both 
reminiscence and the effects of distributing practice in terms of the 
operations of the same theoretical variables. Prior to 1937, however, 
there had existed an operational difference between the two sets of 
phenomena. Reminiscence was defined in terms of an increase in 
retention with time, following the cessation of learning to a partial 
criterion. The efficacy of distributed practice was defined in terms 
of the differences in proficiency which might occur between an 
experimental group which received distributed practice and a 
control group which received massed practice. Distributed practice, 
then, was studied by comparing performances between two groups, 
one of which received practice at a slower rate than the other. 
Reminiscence was studied by comparing, within a single group, 
the levels of performance achieved on successive tests of retention. 
Following the cessation of practice, an immediate test of retention 
was given to be followed by a delayed test or tests of retention, 
Thus the amount of practice afforded by the initial test of retention 
remained an uncontrolled variable. This was especially true since 
the test of retention employed was, in practice, different from the 
method of learning and may have been more effective in increasing 
performance than an equal amount of additional time spent in 
studying the material by the usual method, and since the method of 
complete presentation used in these studies did not afford the 
experimenter with a knowledge of the course of original learning 
which could be extrapolated beyond the introduction of the rest 
interval. The work of Brown (1923 ) showing that, in m 
cessive recalls of the names of the states of the United St 
states were recalled on the second attempt th 


aking suc- 
ates, more 
an on the first, gave 
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special emphasis to this lack of control. In 1937, however, Ward 
studied reminiscence using an experimental design similar to the 
design used in the study of the distribution of practice. This type of 
design is contrasted with the earlier type in the following diagram: 


Early type Original 1st Retention Rest 2nd Retention 
of design Learning test test 
Group 1 Original Rest Relearning 
Ward-type Learning 
of design Group 2 Original No Rest Relearning 
Learning 


It should be immediately apparent that the second design possesses 
several advantages over the earlier form. Most important, it controls 
the factor of the amount of practice afforded by the first retention 
test. At the same time it should be noted that the Ward type of 
design implies the use of different learning methods and materials 
from those employed in the earlier investigations, all of which 
employed the memorization of poetry in children by the method 
of complete presentation. Although it would be possible to study 
reminiscence using the memorization of poetry or similar material 
and using the Ward type of design, it is undeniable that this design 
lends itself but poorly to the use of such materials, and that, with 
the exception of a single study (Gray, 1940), no experimentation 
of this type has been performed. Conversely, the earlier type of 
design has never been used for the study of reminiscence in rote- 
learning, and rarely for the study of reminiscence in adults. Thus, 
although the differences in reminiscence which may be attributable 
to differences of material and method of learning are not, of logical 
necessity, differences that must appear between the usage of the 
two types of design, these differences, nevertheless, do exist in 
historical fact. 

Following closely upon its introduction by Ward in 1937, the new 
type of design was used or advocated by Hovland (1938a, 1938b, 
1939a), Bunch (1938), Johnson (1939), and Gray (1940). General 
acceptance rapidly followed, so that, at the present time, the new 
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design is firmly entrenched in learning methodology. Both the dis- 
tribution of practice and reminiscence are now defined in terms of 
the differences between an experimental group which receives prac- 
tice interspersed with one or more rests, and a control group which 
receives continuous practice. In the distribution experiments it is 
typical for numbers of rests (as, for example, between every trial) 
to be introduced, whereas in reminiscence experiments a single rest 
interval is used. The latter phenomenon has become a special case 
of the former. Pointing this out, Buxton (1942) replotted data from 
distribution experiments to demonstrate the existence of reminis- 
cence during the first rest period of many studies of distributed 
practice. 

Concerning the definition of distributed practice and reminiscence 
effects, at least one additional factor deserves mention. The opera- 
tions involved in experimenting upon either variable imply the 
prevention or control of implicit practice during the rest periods.’ 
Four types of control have been used in the past. The most obvious 
of these is one in which the subject engages in some form of more 
or less unrelated activity during the rest periods. This method of 
control is open to question insofar as different rest-period activities 
may have different direct and indirect effects upon performance. 
Color-naming, for example, has been used as an interval-filling 
activity in a number of experiments. Results obtained by Irion 
(1949) and Thune (1950) indicate that color-naming may exert a 
facilitative influence upon subsequent performance, presumably by 
maintaining the subject’s set to perform the learning activity.* If 
rehearsal is to be controlled by filling the rest interval with some 
unrelated activity, it is probably necessary that the nature of this 


*This problem also confronts other types of experimentation, as, 
example, in the area of retroactive inhibition. 

* The first suggestion that color-naming might bencfit subsequent perform- 
ance is contained in Ward’s (1937) monograph. In order to control possible 
rehearsal effects in his study of reminiscence, Ward introduced a control 
group which engaged in color-naming. This group yielded results which were 
superior to the results obtained from the “rest” group which engaged in light 
reading during the rest interval. (120 per cent vs. 104 per cent retention ). 
This difference between the groups was statistically significant, being 4.6 times 
its probable error. Irion (1948) has advanced a possible explanation for this 
phenomenon. 


for 
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activity be rigidly specified and standardized, lest the “control” 
introduce a more serious error than it prevents. 

A second method of control for the rehearsal variable is suggested 
by an experiment performed by Doré and Hilgard (1938). This 
method involves keeping the total amount of learning time con- 
stant, regardless of differences in the number of trials between 
experimental and control groups. The assumption underlying the 
use of this method is that rehearsal cannot be more effective than 
direct practice on the learning task. Thus, if additional overt prac- 
tice, given to the control group, for the time taken by the rest 
interval of the experimental group, does not serve to raise the con- 
trol group scores to the level of the experimental group scores, it is 
presumptive that implicit practice could not have been the cause 
of the superiority of the experimental group. This technique is better 
adapted to certain motor learning tasks which can afford continuous 
practice than it is to the rote-learning task. 

A third method of control involves the questioning of the subjects 
concerning rehearsal and comparing the results of those who admit 
rehearsing with the data from those who do not. This method con- 
tains the fundamental weaknesses that it is dependent for its effec- 
tiveness upon the honesty of the subjects. Even if the honesty of 
the subjects may be assumed, however, there remains the possibility 
that rehearsal may be carried on at an unreportable level. 

A fourth type of control involves the use of materials which are 
hot as susceptible to symbolic representation, or the use of subjects 
who, presumably, are less capable of behaving on a symbolic level. 
The use of non-verbal skills as learning materials, and the use of 
animal subjects represents an attempt at this type of control. 

Recently, the problem of rehearsal has been attacked directly. 
Rohrer (1949) compared the post-rest performance of a group 
which had been asked to rehearse during the rest interval with the 
equivalent trials of a group wherein rehearsal had presumably been 
prevented, His results indicated that the rehearsal group was not 
superior to the no-rehearsal group. In fact, the no-rehearsal group 
enjoyed a slight, although non-significant, superiority. The effects 
of rehearsal require further study. At the present time, their pos- 
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sible influence upon results obtained in distribution of practice and 
reminiscence experiments cannot be estimated with any degree of 
assurance. 


The Pervasiveness of the Distribution and 
Reminiscence Phenomena 


The beneficial effects of distributing practice have been demon- 
strated under a wide variety of conditions and in a considerable 
number of learning situations. In the learning of meaningful and 
meaningless materials, in school learning situations, human and 
animal maze learning situations, the learning of code substitution 
tasks, and in the acquisition of motor skills, distributed practice has 
generally yielded a faster rate of learning than has massed practice.* 
One possible exception to the generality of this phenomenon may 
be that massed practice is more effective than distributed practice 
in certain trial-and-error learning and problem-solving situations. 
That this benefit is probably confined to the early stages of practice 
is implied by the data of T. W. Cook (1934) on puzzle solution and 
on maze learning (1936-1937 ).° 

It is evident that the effects of distributing practice depend upon 
a great many variables, including the amount of distribution itself, 
and it is, no doubt, possible to contrive situations which will reveal 
a superiority of massed practice. On the other hand, there can be 
no doubt that the beneficial effects of spacing practice may be 
demonstrated in a very great variety of situations. So widespread 
is this phenomenon that it may be stated as a general empirical 
conclusion for the practical control of learning. 


5 This is particularly true when performance is plotted against amount of 
practice. When performance is plotted against time (including rests) since 
the start of practice, it is apparent that, by introducing sufficiently long rests 
in the distributed practice conditions, massed practice can be made to yield 
faster learning. 

ë This type of benefit from massed trials may be predicted from Hull's 
1932, 1939) theoretical formulations of the trial-and-error learning process. 
The phenomenon, according to Hull, arises as a result of the fact that the 
variability of behavior which makes possible the discovery of the correct re- 
sponse is a function of experimental extinction. Massing of extinction trials 
tends to increase rate of extinction, 
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The ubiquity of the reminiscence phenomenon has been much 
studies demonstrated the occur- 


less clearly demonstrated. Early 
ngful material by 


rence of reminiscence in the learning of meani 
children. However, as we have already noted, the lack of control 
in these early studies renders them of doubtful value. That rem- 
iniscence may be obtained in the rote-serial anticipation learning 
situation has been shown by a number of investigators who used 
nonsense materials. Reminiscence has not been obtained in the serial 
learning of words, however, and the reminiscence effect has not 
been observed in paired associate learning.” On the other hand, 
large amounts of reminiscence have been obtained in a variety of 


perceptual motor tasks. 
It is not surprising that reminiscence is more difficult to demon- 


strate than is the efficacy of distributed practice, or, in other words, 
ect of several interpolated rests is easier to 


effect of a single rest. Reminiscence prob- 
a relatively narrow range of experimental 


that the aggregate eff 
demonstrate than is the 
ably occurs only under 
conditions. 


THE CONDITIONS OF DISTRIBUTION EFFECTS 


As has been stated, the distribution effect may be defined in terms 
of performance differences obtained under two types of conditions: 
a condition wherein the rate of practice is relatively low, that is to 
Say, where the units of practice are spaced relatively far apart in 
time, and a condition wherein the rate of practice is relatively high, 
the units of practice occurring close together in time.* There is, of 


ained that data obtained by Noble (1950) demonstrate 


7TIt may be maint 
i adjectives. Noble, however, feels that his results 


Farn : ` 
eminiscence in the learning of 
id not demonstrate reminiscence. 


* The question may well be raised concerning the units of practice between 


which it is justifiable to interpolate rests. In rote-learning, for example, dis- 
tribution may be inter-serial or intra-serial in character. Thus, repetitions of a 
list may be separated by rests, OF the presentation rate of the material may be 
slowed. Both types of distribution appear to be efficacious and related to each 
other, Hovland (1938c) investigated this relationship in the learning of non- 
sense syllables, At a 2-second rate of presentation, the introduction of a 2- 
Minute rest following each repetition of the list proved to be decidedly bene- 
ficial. At a 4-second rate of presentation, the introduction of a 2-minute rest 
in the same manner produced much less effect upon learning. The benefit of 
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course, no line which separates distributed from massed practice in 
any absolute sense. The conditions of spaced practice in one experi- 
ment may pace practice at a rate considerably faster than the con- 
dition of massed practice employed in another experiment. Thus, the 
distributing or massing of practice is a relative matter, to be deter- 
mined within the conditions of each experiment. Because of this 
fact, it is often not possible to draw generalizations beyond the 
conditions of particular experiments. Considering this discontinuity 
of method, it seems remarkable that there is as much agreement 
between experimental results as, in fact, there is. This agreement 
is probably due, in part, to the fact that the measurements of dis- 
tribution effects have usually been of the “significantly more” and 
“significantly less” variety. Undoubtedly, the contradictions of the 
data would multiply if the formulation of mathematically precise 
relationships between the effects of distribution and the conditions 
of it were to be attempted. 


Distribution Effects as a Function of the Lengths 
of the Rest Intervals 


If distribution of practice is found to be superior to massed 
practice, it is obvious that there exists a strong possibility of some 
distribution intervals being more advantageous than others. Unfor- 
tunately, very few experiments have been designed to study the 
effects of different intervals of rest per se, since many of the studies 
which have varied length of rest interval have also simultaneously 
varied the amount of practice between rests, thereby confounding 
these variables and rendering an analysis of the effects of either 
of them impossible. Here we shall consider the effects of variation 
in length of rest period when amount of practice between rests is 
held constant. In the next section, we shall consider the effects of 


distribution appears, in this latter case, to be consistent, if insignificant, Gund- 
lach, Rothschild, and Young (1927) demonstrated the relationship between 
speed of presentation and number of errors in the visual memory span situa- 
tion. Unless otherwise specified, distribution of practice, in this chapter, refers 
to the inter-serial rather than to the intra-serial type. i 
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variations in amount of practice which is introduced between rest 
periods of standard length. 

Leuba and Hyde (1905) studied the effects of varying the length 
of rest interval upon the learning to transcribe English prose into 
German script. Constant lengths of practice were used with rest 
intervals of 12, 24, 48, and 72 hours. The results favored the 24-hour 
rest intervals early in learning and the 48-hour rests late in learning. 
In either case, the 12-hour rest was found to be the least effective 
interval used. 

Pyle (1913), in another early investigation, found a twenty-four- 
hour interval between trials at a code substitution task better than 
either massed practice or trials on alternate days. This relationship 
held true independently of trial lengths of 15, 30, 45, or 60 minutes. 
Pyle also demonstrated, in the learning of arithmetic by third-grade 
children, that a group which received one 10-minute practice period 
each day for 10 days was much superior to a group which received 
two 10-minute practice periods administered twice a day for 5 days. 

Lorge (1930), using three types of activity, compared the effect 
of 20 massed trials with the effect of 20 trials separated by one 
minute and 20 trials separated by 24-hour intervals. The three tasks 
Were mirror-drawing, mirror-reading, and code substitution. Both 
the one minute and the 24-hour distribution schedules proved to be 
Superior to the massed practice condition for all tasks. The differ- 
ences between the two distribution conditions were relatively un- 
Stable as compared with the differences between either of them and 
the massed practice condition. Lorge’s results for mirror-drawing 
are shown in Figure 17. 

Using the pursuit-oscillator, R. C. Travis (1937) investigated the 
effects of 5 minute, 20 minute, and 48, 72, and 120 hour rests intro- 
duced after successive periods of 5 minutes of continuous practice. 
His results indicated that the 20-minute intervals were optimal, the 
5-minute intervals yielding the next most advantageous results. 

Warden (1923) introduced either a 6 hour, 12 hour, or a 1, 3, or 
5 day rest interval after each 1, 3, or 5 trials of maze learning in the 
white rat, His results indicated that the 12-hour intervals were opti- 
mal (or, at least, that the optimal interval must lie between 6 and 24 
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hours). Using a stylus maze of the same pattern as that used by 
Warden, Hardy (1930) performed an analogous experiment using 
human subjects. Her results were not in agreement with those ob- 
tained by Warden since she found that the longer and shorter rest 
intervals were superior to those of moderate length. Hardy's results 
are atypical of those which have been obtained in similar learning 
situations and, if verified, they would prove difficult to explain in 
terms of existing theories of the distribution phenomenon. 

Kimble (1949c) has obtained results which indicate that rate of 
learning is a function of the length of the interpolated rest periods. 
In learning to write the alphabet upside down, subjects were given 
either 0, 5, 10, 15, or 30 minutes of rest between 30-second trials 
of practice. Kimble then obtained the best-fitting straight line for 
trials 12 to 20 in each group. Taking the slope of these lines as a 
measure of rate of learning, Kimble found that these rates increase 
with increasing lengths of rest in an approximately linear fashion. 

Wright and Taylor (1949), on the other hand, have obtained dif- 
ferent results in the Koerth pursuit rotor situation. They find a 
marked difference between continuous practice and several dis- 
each of which employed a different 
length of rest period. Consistent differences among the distribution 
groups were not found. This may result from the fact that their range 
of distribution intervals was not large. It may also result from funda- 
mental differences in the learning situations employed by Kimble, 
_ and Wright and. Taylor, on the other. Certainly 
ated by Kimble between length of rest and 
ated as a general conclusion on the basis 


tributed practice conditions, 


on the one hand 
the linear relationship st 
rate of learning cannot be st 
of existing data.* 


t should be noted that Kimble’s task controls inter-trial 


‘In this connection i a ; 
In a sense, this is true of all learning 


but not intra-trial distribution of practice. 
tasks, but it is especially true of self-pacing tasks such as the prod-pursuit task 
and the one used by Kimble. During each tri of Kimble’s experiment, sub- 
jects were instructed to accomplish as much as possible during the allotted 
time. Thus, the subjects who perform best do more work per practice period 
than those who are less proficient. Whether this tends to minimize or to 
Maximize differences due to distribution of practice is uncertain since no evi- 
dence exists and since convincing theoretical arguments may be advanced to 


s r 
upport either outcome. 
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Distribution Effects as a Function of the Amount 
of Practice Between Rests 


Working with nonsense syllables, Jost (1897) gave practice for 
either 2, 4, or 8 trials a day until a total of 24 trials had been given. 
His results indicate that the shorter practice sessions are superior 
to the longer ones as measured by a delayed recall 24 hours after 
the completion of learning. 

Ulrich (1915) distributed practice by the 1, 3, and 5 trial a day 
method in the learning of a circular maze and a problem box by 
rats. In the learning of either problem, 1 trial per day proved 
superior to either 3 or 5 trials per day. In the case of the problem 
box an additional condition was used wherein 1 trial was given 
every three days. This condition was found to yield the fastest 
learning and to be superior to 1 trial per day. 

Warden (1923) found the most economical frequency of rest to 
be a function of the lengths of rest in animal maze learning. For 
the shorter rest intervals, efficiency was greatest when little inter- 
rest practice was given. For the longer rests, however, there was a 
tendency for efficiency to be greater when the practice periods 
were longer. In a study analogous to Warden’s, but using human 
subjects, Hardy (1930) found that, regardless of the length of the 
rest interval, small amounts of practice between rests generally 
yield better results than do larger amounts. 

Mayer and Stone (1931) gave groups of young rats and groups 
of adult rats either 1, 3, 5, or 10 trials per day on a 12-choice 
multiple-T maze. All animals received a total of 30 trials. The adult 
rats receiving the 3 and 5 trials per day took more trials to learn 
than did the adults receiving 1 trial per day. In terms of running 
times, in both adult and young rats, the 1 trial per day groups were 
superior to the other groups, especially during the early trials of 
learning. 

Using a single choice-point maze, Lashley (1918) investigated 
the distribution of practice in rats. One group of animals received 
10 trials per day and required, on the average, 57.8 trials to learn, 
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while a second group which received 2 trials per day required only 
21.5 trials to learn. Pre-training, in the form of 20 minutes of 
exploratory activity on the day preceding the beginning of practice, 
had the effect of increasing scores under both conditions, but the 
massed group benefited more from this than did the distributed 
group. On the other hand, the introduction of a covered dish of food 
in the cul-de-sac during learning had a slight effect upon the dis- 
tributed group, but more than doubled the number of trials to learn 
for the massed practice group.” 

Kimble (1949b) and Kimble and Bilodeau (1949) have investi- 
gated the effects of various trial lengths upon learning. Their sub- 
ject’s task was to write the alphabet upside down. Both studies 
reveal that shorter trials result in more efficient learning than longer 
trials. These studies were also designed to determine whether 
length of practice or length of rest is the more important variable. 
Conflicting results were obtained in answer to this question, how- 
ever. Kimble and Bilodeau found that work was the more important 
of the two variables while Kimble found that rest contributed a 
greater share. Possibly no generalization can be drawn regarding 
this problem because of the probability that this relationship de- 


pends upon many other factors including the amount of work 


involved in the performance of the learning task. 

ortant generalization was drawn, 
namely, that the effect of a particular combination of work and rest 
isa simple summation of the effects of these variables taken sepa- 
rately. Whether future experimentation will support this conclusion 
remains to be seen, but certainly it deserves thorough empirical 


In these experiments an imp 


Investigation. 


gly supports an interference and differential forgetting 
The covered food dish undoubtedly serves 
thus causing habit strength to be built up 
riods this compet- 


_ ° This finding stron, 
interpretation of distribution effects. 
as a secondary reinforcing stimulus, 
to the incorrect as well as to the correct alley. During rest pe’ 
ing habit should, under the differential forgetting hypothesis, be forgotten at a 
faster rate than the correct response since it is the weaker of the two. Differ- 
ential strength may be assumed in this case since it is reasonable to suppose 
that the secondary reinforcement results in less learning than does the primary 


rei a . = ft, . 
einforcement from which it is derived. 
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Distribution Effects as a Function of Various Patternings 
of Practice and Rest 


Using a code substitution task, Gentry (1940) compared results 
obtained under continuous and distributed practice and various 
combinations of the two. The conditions of Gentry’s experiment are 
outlined below: 


Condition Procedure 

l. 20 one-minute trials with a one-minute rest after each trial 
(distributed control) 

2, 5 distributed trials followed by 15 massed trials. 

3. 5 massed trials followed by 5 distributed trials followed by 
10 massed trials. 

4. 10 massed trials followed by 5 distributed trials followed 
by 5 massed trials. 

5. 20 massed trials (one-minute practice periods with no inter- 


vening rest. This was the massed practice control). 


Gentry’s results indicated that condition 1 was superior throughout 
learning. Conditions 2, 3, and 4 tended to coincide with the massed 
practice curve (produced under condition 5) during the periods 
when practice was massed, and tended to enjoy a temporary ad- 
vantage during the periods when practice was distributed. The 
performance in conditions 2, 3, and 4 approached the curve for 
condition 1 when practice was distributed. The earlier practice 
became distributed, the more nearly did performance temporarily 
approach the performance under condition 1. Following the periods 
of distribution in conditions 2, 3, and 4, performance fell almost 
immediately back to the level of condition 5. 

Carr (1919) investigated early vs. late massing, using the pencil 
maze. One group of subjects received 10 trials on the first day of 
practice followed by 1 trial per day for the next 10 days. The other 
group received 1 trial per day for the first 10 days of the experiment 
and then received 10 trials on the eleventh day of practice. The 
group which received the initial distribution was superior to the 
group which received the initial massing of practice during the first 
half of learning, but no differences between the groups were ob- 
served on the last ten trials. 
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Similar results were obtained by Doré and Hilgard (1938), using 
the Koerth pursuit rotor. One group of subjects in this experiment 
received practice in which the lengths of the inter-trial rests pro- 
gressively increased, whereas the other group of subjects received 
practice in which the lengths of the inter-trial rests progressively 
decreased. When performance was plotted against trials, the group 
which received the early massing and late distribution was inferior 
during the first part of learning and superior during the second part 
of learning. Thus, whether spacing came early or late in practice, 
the groups which had the greater distribution showed a temporary 
advantage. 

The results of Renshaw and Schwarzbek (1938) on the Renshaw 
and Weiss pursuitmeter, however, are in apparent contradiction to 
the results obtained by Carr and by Doré and Hilgard. Using a 
design in which the inter-trial rests increased in one group and 
decreased in another, results were obtained which seemed to indi- 
cate that early distribution was more effective than late distribution. 

Cummins (1919) studied the learning of various school subjects 
among children and adults under two patterns of distribution. In 
one group, which followed the “equal schedule,” practice was evenly 
distributed over a period of time. In the group that followed the 
“reducing schedule” the same amount of practice was distributed 
in the same amount of total time, but with the difference that, early 
in learning, the practice sessions were longer and close together, 
while, late in learning, practice sessions Were shorter and more 
widely spaced. Under such an arrangement, Cummins found small 
but consistent superiority of the reducing schedule group over the 
equal schedule group. Since, however, the variables of amount of 
work per practice session and length of rest were confounded in this 
experiment, the obtained results are difficult to interpret. 


Distributed Practice as a Function of the 
Method of Learning 
Although distribution of practice effects have been studied under 
a wide variety of experimental materials and methods, the influence 
of these factors has seldom been systematically explored. Hovland 
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(1939b) compared massed and distributed practice in the learning 
of nonsense syllables by the rote-serial anticipation method and by 
the method of paired associates. The tasks were equated in difficulty. 
Serial learning occurred under a 2-second rate of presentation, while 
paired associate learning took place under a 4-second rate per pair 
of syllables. Under massed practice, for both methods, 6 seconds 
intervened between successive trials, whereas under distributed 
practice, 2 minutes elapsed between trials, Distributed practice was 
efficacious in rote-serial learning, but no difference between massed 
and distributed practice could be determined in the learning by the 
paired associates method. These results, however, may be a function 
of the fact that the rate of responding is different under the two 
methods. In serial learning, one response occurs every 2 seconds 
while in the paired associates method of learning, 4 seconds are 
allowed for each response. Hovland (1949) has recently demon- 
strated that this factor of response rate is important. Employing the 
paired associate method, distributed practice was found to be greatly 
superior to massed practice when the syllables were presented at a 
ate of 2 seconds per pair. When the rate of presentation was 4 sec- 
nds per pair, distribution of practice had a considerably smaller 
fect. 


Distribution of Practice as a Function of the Length 
and Difficulty of the Learning Task 


Lyon (1914) studied the learning of nonsense syllables under 
onditions of massed and distributed practice. The nonsense sylla- 
les were arranged in different lengths of list. The results indicated 
constantly increasing advantage of distributed over massed prac- 
ce as length of list was increased. The massed practice group, in 
lis experiment, practiced continuously, whereas the distributed 
ractice group received one practice session per day. Lyon con- 
uded that the relationship between time to learn and length of list, 
the case of distributed practice, was approximately linear. Time 


ent in learning by massed practice, however, varied approximately 
the square of the length of the list. 


DISTRIBUTION OF PRACTICE AND REMINISCENCE 155 


Hovland (1940b) studied the effect of distribution of practice in 
the learning of nonsense syllables which were arranged into lists of 
9, 12, or 15 syllables. Under massed practice, a 6-second interval 
elapsed between successive trials whereas in the distributed practice 
condition a 2-minute interval was interposed between trials. Dis- 
tributed practice was demonstrated to be superior to massed prac- 
tice under all lengths of list, the improvement due to distribution 
increasing with the length of list (Table IX). Typical serial position 
curves were obtained under massed practice for all lengths of 
list. Distributed practice was superior at all serial positions (see 
Figure 12), but showed most advantage in the central serial posi- 
tions, consequently the serial position curves were flatter for dis- 
tributed than for massed practice. This effect was proportionally 
greater with the longer than with the shorter lists. 


TABLE IX 


TRIALS REQUIRED TO Learn THREE LENGTHS or Lists BY 
MASSED AND DISTRIBUTED PRACTICE 
(After Hovland, J. exp. Psychol., 1940, 27, p. 272) 
Number of Syllables in List 


8 11 14 
Method of Practice M S.E. M SE. M S.E. 
Massed 7.00 0.28 11.64 0.68 17.14 0.80 
Distributed 5.93 0.36 9.43 059 12.14 0.76 
Differences 1.07 0.33 2.21 0.62 5.00 0.97 


T. W. Cook (1936-1937) studied massing and distributing prac- 
tice using a Warden U-type finger maze. Maze length was systemati- 
cally varied. He found advantages for both massed and distributed 
practice, depending upon the types of measurements employed and 
the lengths of the maze patterns in question. Massed practice proved 
to be superior to distributed practice in terms of total errors, on the 
shorter mazes, and on the earlier trials in learning the longer mazes. 
Distributed practice was found to be superior when total time 
Scores were compared, especially with the longer mazes and on the 


later trials, 
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Retention Following Massed and Distributed Practice 


A number of studies have been concerned with a comparison of 
the degrees of retention of materials learned under massed and 
distributed practice. In general, material learned by distributed 
practice tends to be retained better than material learned by massed 
practice, although for short retention intervals and for certain types 
of learning tasks, exceptions must be made to this general con- 
clusion, 

Cain and Willey (1939) studied the course of retention follow- 
ing massed and distributed learning of nonsense syllables. One 
group of subjects learned the list of nonsense syllables by practice 
which was distributed over three days. A second group learned the 
same list during a single session. Each of these groups was then 
divided into three sub-groups, the sub-groups being tested for reten- 
tion after 1 day, 2 days, or 7 days. Large differences in retention at 
all intervals were found, the distributed group being consistently 
superior to the massed group (Figure 18). 
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In 1925 Gordon studied the retention of meaningful material 
following massed and distributed practice. Her results showed a 
slight advantage for massed practice groups in tests of retention 
immediately following learning, but delayed recall tests three and 
four weeks from the end of practice showed a decided advantage 
for the distributed practice groups.” 

Patten (1938) studied the retention of 16 unit lists of nonsense 
syllables following massed and distributed practice. In the dis- 
tributed practice group, a 2-minute rest was introduced following 
each trial. Ten minutes after the end of practice the lists were 
relearned. In the original learning, Patten found that the distributed 
practice group learned in significantly fewer trials than did the 
massed practice group. The serial position curve for the distributed 
practice group was flatter than that for the massed practice group, 
thus indicating that distribution was of more benefit to the items 
in the middle of the list than to the items at the ends of the list. 
Following the 10-minute rest interval, the distributed practice group 
recalled significantly more syllables on the first relearning trial 
than did the massed practice group. There was also some tendency 
for more anticipatory errors to occur in recall following massed than 
following distributed practice. 

Hovland (1940a) also investigated retention following learning 
to the same criterion by massed and by distributed practice. Four 
Sroups of subjects were required to learn lists of 12 nonsense 
syllables by massed practice (6 seconds between trials). These four 
Sroups were tested for retention at intervals of 6 seconds, 2 minutes, 
10 minutes, and 24 hours, respectively, following the cessation of 
learning. Four other groups were required to learn the lists by 
distributed practice in which 2 minutes was allowed to elapse 
between trials. These groups received tests of retention at the same 
intervals as did the massed practice groups. The retention curve for 
recall following massed practice showed an initial small decrement 


1 The superiority in retention of the massed practice groups immediately 
after original learning is consistent with the finding that more reminiscence 
ollows massed than “distributed learning. In verbal learning situations, how- 
ever, this reminiscence effect is very transitory. 
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followed by a slight rise in retention and then a falling off. The 
retention curve for the distributed practice groups remained level 
for a short time and then dropped off with increasing rapidity. At 
all of the intervals employed, greater retention was obtained follow- 
ing distributed than following massed practice, thus confirming the 
results of Patten. Hovland also plotted the mean number of errors 
against serial position. On the first relearning trial following the 
10-minute retention interval, the greatest number of errors occurred 
in the central serial positions. On the first relearning trial following 
the 24-hour retention interval, more errors occurred at all serial 
positions than following the 10-minute retention interval, but there 
did not appear to be any difference between the serial positions 
with respect to number of errors. On the second relearning trial 
following the 24-hour interval, however, the greatest number of 
errors again occurred in the central serial positions. 

Robinson (1921) found retention of numbers following massed 
and distributed practice to be dependent upon the measures of 
proficiency employed. In general there appeared to be a slight 
advantage in retention following distributed practice, the advantage 
increasing with the length of time from the completion of learning. 

T. W. Cook (1934) found retention of puzzle solutions to be 
considerably higher following distributed than following massed 


practice. The differences tended to decrease rapidly during relearn- 
ing, however, 


THE CONDITIONS OF REMINISCENCE 


Reminiscence is defined as an increment in the performance of a 
partially learned act which is attributable to rest. There are, how- 
ever, a number of phenomena of the reminiscence effect and a 
variety of conditions which influence its occurrence. Typical curves 
of the reminiscence which occurs in rote-learning situations are 
shown in Figures 19 and 20. This reminiscence effect is a rather 
transitory phenomenon in the case of rote learning, the rise of 
retention above 100 per cent and its subsequent fall below that 
level occurring within a few minutes. There is evidence to indicate 
that in other learning situations the reminiscence effect persists for 
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a considerably greater period. Another characteristic phenomenon 
noted in reminiscence experiments is the rapid increase in pro- 
ficiency during the first trials following the rest period. Following 
rest, performance may not only recommence at a higher level than 
if the rest had not been introduced, but the performance typically 
increases swiftly during the first period of relearning. This increment 
was first noted by Thorndike (1914) and was identified by him as 
a warming-up effect. It has been studied more recently by Bell 
(1942), Ammons (1947a and b), and Irion (1948, 1949a). 
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We have seen that, according to experimental procedure, no dis- 
tinction exists at the present time between reminiscence and the 
distribution of practice effects. On the other hand. a possible distinc- 
tion between these phenomena does exist in terms of the measure 
of performance employed. Buxton (1943b) makes such a distinc- 
tion, referring to increases in recall scores following a single rest as 
reminiscence, and referring to decreases in number of trials to reach 
a criterion following a single rest as an effect of distributed prac- 
tice. This distinction, although legitimate for definitional purposes, 
appears to be unnecessary and confusing for a number of reasons. 
Most importantly, such a distinction implies that no improvement 
occurs within the first relearning trial (or ignores that improvement 
and the continuity of it with such improvement as may occur be- 
tween trials). This type of difficulty is particularly evident in learn- 
ing situations which involve continuous practice on a relatively 
unitary task such as the Koerth pursuit rotor. In such tasks, it is 
clear that relearning begins upon the first instant of the resumption 
of practice after rest and proceeds in a relatively continuous fashion 
from that time onward until the final cessation of practice, regardless 
of the number or type of units into which relearning practice is 
divided. Thus, performance upon the first unit of post-rest practice 
involves relearning as well as recall. The amount of “relearning” 
which is included in the “recall” score is a function, in this case, of 
the length of practice unit chosen by the experimenter. This becomes 
especially significant in connection with the warming-up effect 
which has just been noted. The longer the unit of practice chosen 
by the experimenter (up to a limit), the greater will be the amount 
of warming-up effect which will be included in the first post-rest ' 
trial and the relatively greater loading will this have with reference 
to a measurement of amount of “reminiscence.” "! It appears useless, 
therefore, to attempt to separate reminiscence from distribution 
effects in this manner. An attempt to delimit the reminiscence 
phenomenon to certain portions of the relearning performance may 


1! Even when the task is one which may be broken up into relatively discrete 
trials, the same effect may be obtained. In the case of rote learning, this might 
be done by increasing the length of list which the subject is required to learn. 
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introduce errors of interpretation which are an artifact of the par- 
ticular experimental situation employed. 


Reminiscence as a Function of Chronological Age 


The early studies of reminiscence by Ballard, Huguenin, and 
Williams were concerned with the retention of children. Ballard 
(1913) investigated the retention for poetry in subjects who were 
aged 6, 12, and 21 years. His results definitely indicated a superior- 
ity in retention for the younger groups ‘over the older groups. 
Retention was best in the case of 6-year-old children, the curve 
showing a considerable increase, rising and falling over a 6-day 
period, and reaching a high point of nearly 160 per cent on the 
second, third, and fourth days following learning. Retention in the 
case of the 12-year-olds showed a slight increase in retention, fol- 
lowed by a slight decrease. Retention for 2l-year-olds showed a 
definite falling off of retention during the 7-day retention interval. 

Williams (1926) also studied reminiscence as a function of age. 
He used four groups of subjects; an adult group, a group with a 
mean age of 16.2 years, a group with a mean age of 12.7 years, and 
a group with a mean age of 9.6 years. His results confirmed the 
earlier results of Ballard, that the younger age groups showed a 
higher degree of reminiscence than did the older age groups. The 
retention curve obtained for the group averaging 12.7 years is 
highly similar to the retention curve obtained by Ballard for 
12-year-olds. The retention curve for Williams’ 9.6 year group falls 
between Ballard’s curves for 12-year-olds and 6-year-olds. Williams 
found no differences in his groups when the subjects learned ab- 
stract words instead of poetry, nor did reminiscence occur in any of 
his groups for this type of learning. 

G. O. McGeoch (1935) failed to demonstrate any relationship 
between age (either mental or chronological) and degree of 
Teminiscence. It is possible, however, that the range of ages em- 
ployed in her experiment was not sufficiently great to demonstrate 
the existence of the relationship. Also, on the negative side, 
Magdsick (1936) found no differences in the retention of partially 
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learned maze problems as between groups of young and adult rats. 
Reminiscence occurred for intervals of from one hour to one week. 
Beyond the one-week interval, obliviscence occurred in all groups. 


Reminiscence as a Function of the Material To Be Learned 


Reminiscence has been demonstrated to occur over a consider- 
able range of learning tasks. Few studies have been concerned with 
a comparison of amounts of reminiscence obtained for different 
types of learning materials, however. 
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Fic. 21. RETENTION Curves FOR Poerry SHOWING REMINISCENCE 
(From Ballard, Brit. J. Psychol., Monogr. Suppl., 1918, 1, No. 2, p. 5) 


Williams (1926) found differences between the learning of poetry 
and the learning of abstract words. The same groups learned both 
types of materials. In the case of the retention of poetry, the younger 
age groups showed considerable amounts of reminiscence., For the 
abstract words, however, no reminiscence was obtained for any age 
group, nor did there appear to be differences in the shapes of the 
retention curves obtained for the various groups. 

Ballard (1913) found differences in the shapes of the retention 
curves for various types of material. These differences are illustrated 
in Figure 21. It will be seen that more reminiscence was obtained 
for meaningful verse than for nonsense verse. 
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Reminiscence as a Function of the Method of Learning 


Hovland (19392) compared the amount of reminiscence obtained 
following rote-serial and paired associated learning of nonsense 
syllables. Reminiscence was obtained following rote-serial but not 
following paired associate learning. These results are interpreted 
by Hovland as favoring a theory of differential forgetting since more 
remote associations may be formed under the rote-serial-anticipation 
method of learning than under the paired associate learning. The 
dropping out of such remote associations during the rest period, 
Hovland holds, accounts for reminiscence. It should be pointed out 
that, in this case, the rote serial anticipation method emploved a 
2-second rate of presentation while the paired associate method 


used a 4-second rate, 2 seconds for the stimulus member and 2 sec- 


onds for the response member of each pair. Moreover, Hovland 


(1938b) has shown reminiscence to vary with the speed of syllable 


presentation. He has also demonstrated that, while distribution of 


practice is ineffective in the paired associate method with a 4-second 
rate (1939b), it is effective at a 2-second rate (1949). It is, there- 
fore, not unlikely that failure to obtain reminiscence by the paired 
associate method is a function of the presentation rate used and 
not a characteristic of the method in other ways. If this is true, 
Hovland’s conclusion regarding the theory of differential forgetting 
Must be regarded as undemonstrated. 

Other methodological problems have been investigated by Buxton 
and his collaborators. These investigations were undertaken, evi- 
dently, in an effort to explain some of the inconsistencies which 
appear between the results of different experiments. Ward (1937), 
for example, required his subjects to spell the nonsense syllables 
during learning, while Hovland (1938a, 1938b, 1939a ) required that 
the syllables be pronounced. The effect of this difference in tech- 
nique was investigated by Buxton and Ross (1949). No significant 
difference in the amount of reminiscence obtained under these two 
methods was found. Another difference in technique lies in the fact 
that Hovland (1938a, 1938b, 1939 ) required his subjects to correct 
all errors committed during the learning process. This correction 
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had to be made before the subject went on to the next item in the 
list. Ward (1937) and Melton and Stone (1942). on the other hand, 
did not use such a correction procedure. Buxton and Bakan (1949) 
have obtained results which indicate that the correction procedure 
may produce greater amounts of reminiscence than the non- 
correction procedure. However, Buxton and Bakans results are 
inconsistent with those obtained by Ward (1937), and it seems that 
a repetition and extension of this work will be necessary before a 
definite conclusion can be drawn. A third methodological problem 
involves the nature of the rest period activity. Hovland (1938a, 
1938b, 1939a) obtained reminiscence using color-naming during the 
rest period. These colors were presented to the subject on the 
memory drum at a two-second rate of presentation. Melton and 
Stone (1942), on the other hand, did not obtain reminiscence when 
their subjects read colors from cards as rapidly as possible. This 
difference in result does not demonstrate the differential effect of 
these rest period activities, however, since other differences in tech- 
nique also existed between the two experiments. In a comparison of 
these two methods of interval filling, Withey, Buxton, and Elkin 
(1949) found no differences in reminiscence to occur as a function 
of this difference in rest period activity. They did note, however, 
that subjects who used Hovland’s method of naming colors on the 
memory drum and who were also instructed to rehearse during this 
color naming had a tendency to make higher scores than those who 
were instructed to avoid rehearsal. 


Reminiscence as a Function of the Length 
of the Rest Interval 


The work of Ballard (1913) and Williams (1926) indicated that, 
under certain conditions, the retention curve might rise for a time 
after the cessation of practice. Their results also suggested, as com- 
mon sense would dictate, that after a short period of rise, the reten- 
tion curves would fall. How long after the end of practice the 
performance increases is a question which these experiments were 
poorly designed to answer. Using an improved design, Ward (1937) 
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found the reminiscence effect to be extremely transitory in the case 
of nonsense syllable learning, occurring for a period of only a few 
minutes following practice. His curves have been shown in Figures 
19 and 20. A comparison of these curves with those obtained by 
Ballard (Figure 21) reveals the much longer effect obtained by 
Ballard. Whether this difference is entirely due to the methods 
Ballard, or whether it may also be a function of dif- 
ects and the learning materials, is not known. 
In motor learning situations, the reminiscence effect appears to 
be more permanent. Bell (1942) varied the length of a single rest 
introduced after either 5 or 15 1-minute trials on the Koerth pursuit 
rotor. The trials in this experiment were separated by 1-minute rests. 
Five lengths of reminiscence interval, 10 minutes, and 1, 6, 24, and 
30 hours, were used. After five trials of original learning, varying 
lengths of rest caused approximately the same degree of initial 
increase in score. The longer rests, however, caused effects which 
persisted for a longer time during relearning. Following 15 trials 
of original learning, short rests appeared to be beneficial, but longer 


rests caused an initial decrement followed by a quick recovery 


during relearning. The amount of this warming-up effect increased 


as the lengths of the rest intervals increased, but showed some 
ith the 24- and 30-hour rests. This finding 
n corroborated by Irion 
he relearning curve was 
the case of short ones. 
pursuit rotor (25 second 
), Irion’s subjects were 


employed by 
ferences in the subj 


tendency to decrease w 
regarding the warming-up effect has bee 
(1949a) who found that the initial rise in t 
steeper in the case of long rests than in 
Following 20 massed trials on the Koerth 


trials separated by 5-second rest periods 
given 30 seconds, or 1, 3, or 5 minutes of rest. The increase in 


amount of reminiscence with increasing rest is shown in Figure 22. 
Irion’s results are strikingly parallel to those obtained by Kimble 
and Horenstein (1948) under very similar conditions. Ammons 
(1947) has also obtained highly similar results. 
Concerning the action of longer rest inter 
Melton (1941) should be noted. He introduce 
either 20 minutes, 2 days, or 2 weeks early in masse 
the Koerth pursuit rotor. Under these conditions, the 20-minute rest 


vals, the study of 
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yielded the greatest initial amount of reminiscence, but the 2-day 
rest yielded the best final performance. These results are in agree- 
ment with the findings of Bell and Irion regarding the relationship 
between length of rest and the slope of the relearning curve, and 
are in general agreement with the findings of Bell relative to the 
optimal length of a rest interval introduced early into practice. 


MEAN AMOUNT OF REMINISCENCE IN SECONDS 


o 1 2 3 4 s 
LENGTH OF REST IN MINUTES 
Fic. 22, Amount OF REMINISCENCE IN Pursurr ROTOR LEARNING AS A 
FUNCTION OF LENGTH OF REST 
(From Irion, J. exp. Psychol., 1949, 39, p. 497) 

The values on the ordinate are the mean numbers of seconds on target by 
which the experimental group exceeded the control group during the first five 
relearning trials. Each relearning trial was 25 seconds long. 


Magdsick (1936), investigating retention of an incompletely 
learned maze problem in albino rats, found that reminiscence oc- 
curred for intervals of from 1 hour to 1 week, following which 
forgetting took place. 


Reminiscence as a Function of the Degree 
of Original Learning 


Two methods have been used to study this problem. In one of 
these, the experimenter manipulates the degree of original learning 
directly by having his subjects learn to a certain criterion of pro- 
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ficiency before introducing the rest period. In the other, the experi- 
menter allows the subjects to practice for a specified number of 
trials before introducing the rest. There are advantages and dis- 
advantages to each method. The first method serves to reduce the 
variability of performance at the time the rest interval is introduced 
and, in general, exerts strict control over the level of proficiency 
attained by the subjects at this time. On the other hand, total amount 
of pre-rest practice is not controlled, and this may serve to introduce 
variability in terms of different degrees of warming up. The second 
method, while it gives an equal amount of practice to all subjects, 
does not exert a very powerful control over level of proficiency. 

Ward (1937) investigated the amount of reminiscence which oc- 
curred following the partial learning of lists of nonsense syllables. 
He found amount of reminiscence to be an inverse function of the 
degree of original learning. It is quite possible, however, that Ward’s 
Subjects showed less reminiscence at high levels of proficiency be- 
Cause they were “running into an upper limit, i.e., 100%.” 

Buxton (1943a), in studying reminiscence on the Koerth pursuit 
rotor, had three groups practice to different criteria of proficiency. 
Following this, each group received a 10.5-minute rest, after which 


each group relearned to its own criterion. Scores on the three 
groups were then compared with scores obtained under conditions 
amounts of reminiscence were ob- 


of massed practice. Significant ki 
tained for all groups. The groups with the smallest amount of origin- 
al proficiency showed more reminiscence than the group with the 


highest d igi ficiency 
egree of original proficiency. , 
In similar experiments, Ammons (1947) and Irion (1949a) inves- 


tigated the effects of amount of pre-rest practice on reminiscence in 
the Koerth pursuit rotor. Using 95-second trials separated by 5- 
Second rests as the basic massed practice condition, Irion compared 
Scores from a group which received 45 massed practice trials with 
Scores from five groups which received a single 5-minute rest i 
oe 2, 10, 20, 30, and 40 = of practice. The results indicate 
ount of reminiscence at first increases 
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igure 23, Analysis of Irion’s data reveals that th 
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have steeper slopes in the initial segments following large amounts 
than following small amounts of original practice. In other words, 
the warming-up effect increases as amount of pre-rest practice 
increases, 
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The values on the ordinate are the mean numbers of seconds on target by 
which the experimental group exceeded the control group during the first five 
relearning trials. Each relearning trial was 25 seconds long. The point labeled A 
was obtained in a separate experiment. 


Ammons’ experiment yielded very similar results, although his type 
of experimental design, while more complete, yielded less regular 
functions. 

Bell (1942) also studied this relationship. His results showed that 
amount of reminiscence at recall was a function of the amount of 
original practice. Following 5 trials of original practice, large 
amounts of reminiscence were obtained regardless of the length of 
rest interval used. Following 15 trials of original practice, smaller 
amounts of reminiscence were obtained for the short rests while the 
use of longer rests resulted in recall decrement. 

McClatchy (1925) interpolated a 48-hour rest following either 
1, 3, 5, 7, 9, or 11 trials on a stylus maze. Interpolated rest caused 
an immediate decrement wherever it was introduced. A delayed 
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effect of rest might be beneficial or detrimental according to the 
amount of original learning. The amount of pre-rest practice which 
appeared to be optimal for the beneficial operation of the 48-hour 
rest was 7 trials. Decrement followed the introduction of a rest of 
this length at other stages of practice. In a second experiment, Mc- 
Clatchy used a 24-hour rest instead of a 48-hour rest, all other 
procedures being identical. The optimal locus of the 24-hour rest 
appeared to be in the earliest trials. The 24-hour rest did not cause 
decrement unless it was introduced following either 9 or 11 trials of 
pre-rest preatice. 

Kimble (1949a) has studied reminiscence as a function of amount 
of pre-rest practice. His results show a tendency for amount of 
reminiscence to decrease as amount of pre-rest practice increases. 
One interesting feature of this experiment is the inclusion of a 
Well-distributed practice condition into the design. This allows a 
Comparison of post-rest performance in the reminiscence conditions 
with performance during acquisition by distributed practice. Kim- 
ble’s findings show that, when a rest interval is given early in prac- 
tice, reminiscence occurs in such amounts as to make post-rest 
Performance approximately equivalent to the spaced practice per- 
formance for the equivalent trials. When a rest interval is inserted 
late in ‘practice, however, the reminiscence which occurs does not 
yield a post-rest performance which approaches the performance 
of the distributed practice group. This, Kimble interprets as evidence 
for the existence of a permanent decremental factor in motor 


learning.2 


Reminiscences as a Function of the Previous 
Degree of Distribution of Practice 


As has been noted previously, it is possible to distribute practice 
M a number of ways. In rote-learning, for example, it is possible to 
distribute practice by decreasing the presentation rate of the mate- 

`? Such a permanent decremental factor may be identified with Hull’s con- 
Sept of conditioned inhibition (sIr), which is an habitual avoidance of a 
Way of responding. This avoidance is based upon relief from fatigue as rein- 
Orcement 
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rial or by introducing rests between successive presentations of the 
entire list. Both types of distribution will be considered in this 
section, insofar as distribution is related to reminiscence. 

McClelland (1942) studied reminiscence in a type of verbal 
discrimination learning situation. He found reminiscence following 
a 2-second rate of pair presentation, but not following a 4-second 
rate. McClelland presented his subjects with pairs of words. The 
subject was required to speak one of these words and received re- 
inforcement if he chose the correct member of the pair, reinforce- 
ment being administered immediately after the withdrawal of the 
stimulus words. Following learning to a criterion of 15 correct 
choices out of 20 possible choices, a 2-minute rest was introduced 
into the reminiscence condition. Under these circumstances, rate 
of presentation of the original material acts as a determiner of 
reminiscence following the 2-minute rest interval. 

Hovland (1938b) studied reminiscence in rote learning as a 
function of the presentation rate of the material to be learned. One 
of Hovland’s groups learned a list of 12 nonsense syllables to a 
criterion of 1 perfect trial under a presentation rate of 2 seconds 
per syllable, while a second group learned to the same criterion 
under a 4-second presentation rate. The two groups learned (at 
either a 2-second or 4-second rate) to a criterion of 7 syllables cor- 
rect before receiving a 2-minute rest. Reminiscence was obtained 
with the 2-second, but not with the 4-second, rate of presentation. 
When mean number of failures was plotted against the serial posi- 
tions of the syllables for the trial following the attainment of the 
partial criterion in the massed practice control groups, it was found 
that many more errors occurred in the central portion of the list 
with the 2-second than with the 4-second rate. Differences in the 
terminal serial positions were not so marked. In the case of the ex- 
perimental group on the same trial (which, in this case, was the trial 
immediately following the 2-minute rest), the serial position curve 
for the 2-second presentation rate group showed a marked degree 
of flattening whereas the serial position curve for the 4-second 
presentation rate groupe showed no such flattening. 

Hovland (1938a) also investigated the effect of varying the inter- 
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trial interval. Using the same general design as was used in the 
experiment cited above, Hovland’s massed practice group received 
6-second rests between trials whereas the distributed practice group 
received 2 minutes and 6 seconds between trials. A 2-second rate 
of syllable presentation was used throughout the experiment. The 
results which were obtained are in essential agreement with those 
obtained under different presentation rates. Reminiscence was 
found following massed practice but was not obtained following 
distributed practice. The serial position curve, in the case of massed 
practice, showed a considerable amount of flattening as a result of 
the introduction of the rest, but this result was not obtained under 
the conditions of distributed practice. 

Little has been done in the field of motor learning concerning the 
effects of distribution of practice upon reminiscence. Reyna (1944) 
has shown, however, that the same general relationship exists in 
motor learning situations as has been found to be true of the verbal 
learning situations, the results of which have been cited above. 


THEORIES OF REMINISCENCE AND THE DISTRIBUTION 
EFFECT 

A considerable number of theories have been developed to ac- 
count for the effects which have been discussed in this chapter. 
These theories possess value in that they unify and simplify the 
relationships and facts which have been observed and in that they 
Serve as a stimulus to further research. Although any classification 
of these theories necessarily does violence to some of them while, 
Possibly, overemphasizing the importance of others, it is apparent 
that the theories do fall into certain groups. We shall classify these 
hypotheses under three headings: work theories, perseveration 
theories, and differential forgetting theories. 


Work Theories 


As a group, work theories hold that performance of an activity 
tends to leave behind it some process or product in the organism 
which tends to prevent recurrence of the activity or which tends 
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to lower the efficiency of its performance. The interfering process 
is held to dissipate during periods of inactivity while the learned 
habits are assumed to be more permanent. Thus, the interpolation of 
a period of inactivity tends to benefit the performance of the learned 
act. The simplest type of this theory is the fatigue theory. 

(A) The fatigue theory. One of the first possibilities to occur 
to the carly experimenters was that the fatigue engendered by 
massed practice was responsible for its inferiority to spaced practice. 
The latter, through its shorter practice periods and interspersed rest 
intervals, might produce less fatigue and give time for recovery 
from whatever fatigue was produced. The concept of fatigue has 
an ambiguous status in this context. Does it mean the accumulation 
of fatigue products in the neuromuscular mechanisms which are 
basic to learning; does it mean a work decrement which is, in turn, 
a function of inhibition and other conditions; or what does it mean? 
The first meaning, the accumulation of fatigue products, will be 
taken here, since the meaning which reduces to inhibition and 
related conditions is more relevant to a later theory. 

Jost (1897) found distribution still superior to massed practice 
when the subject had done as much work during the total time 
covered by distribution as he did during unspaced practice. Further, 
in few, if any, experiments has practice with zero distribution ex- 
tended over enough time to produce any important amount of 
physical fatigue. Even when an interval has been introduced after 
one or two short practice periods as in the work of Hovland (1938a), 
Ammons (1947), and Irion (1949a), beneficial effects of that rest 
may be demonstrated. Furthermore, the fact that a single rest in- 
troduced late in practice has often been found to have a less bene- 
ficial effect than the same rest introduced early in practice is 
embarrassing to the theory, since, presumably, there is more fatigue 
from which to recover late in practice than early in practice. 

Another line of evidence opposed to a fatigue theory is found in 
ois distribution and reminiscence experiments which require the 
Me 7 jad in oe yi ae lag work during the rest 
may still be E a, e A 

. igue theory cannot account for 
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the results obtained in experiments on the influence of the locus 
of distribution in the practice continuum, or for those on the influ- 
ence of the length of the rest interval, especially when the intervals 
compared are all long enough to have permitted dissipation of 
physical fatigue." 

The fatigue theory cannot be seriously considered as being an 
explanation of the obtained results. It might be a factor in the in- 
effectiveness of very long periods of continuous practice, if such 
periods were ever to be used, but it can hardly be a general deter- 
mining condition of the efficacy of distributed practice or the oc- 
currence of reminiscence. 

(B) Reactive inhibition theories. Very similar to the fatigue theory, 
but usually more precisely formulated, are the reactive inhibition 
theories. In terms of animal learning theory, Hull (1943) has defined 
reactive inhibition in terms of the number of responses made by 
the learner, the amount of work performed during each response, 
and the length of time which has elapsed since responding.* 
Amount of reactive inhibition present at any moment subtracts 
from the reaction potential which exists to perform the response 
in question. Since reactive inhibition increases during performance 
and dissipates during rest, Hull is enabled, by this means, to explain 
many of the phenomena of conditioned response learning such as 
experimental extinction and spontaneous recovery. This form of 
explanation, of course, may also be applied to the distribution and 
reminiscence effects. Kimble and Horenstein (1948) have applied 
Hullian theory directly to the interpretation of pursuit rotor remi- 
niscence data and have obtained a rather good fit to their empirical 
Points by the use of Hull's rational equation for the decay of re- 


Active inhibition. 
Ammons (1947a) has elaborated a theoretical system specifically 


13 Renshaw and Schwarzbek (1938) discuss fatigue as a condition of the 
efficacy of distribution in learning to operate a pursuitmeter and reject the 
atigue hypothesis. For an excellent review of the general problem of the 
effects of work upon behavior, the reader should consult Solomon (1948). i 

14 The concept of reactive inhibition had been formulated prior to Hull’s 
Work by Miller (with Dollard) in 1941 and by Mowrer (with Jones) in 1943, 
and is sometimes referred to as the Mowrer-Miller hypothesis. 
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designed to account for human motor learning phenomena. His con- 
cept of temporary work decrement is analogous to Hull's concept 
of reactive inhibition, although it is not so rigidly defined. This 
temporary work decrement is held to increase during practice and 
to dissipate during rest, thus affording a theoretical basis for distri- 
bution of practice and reminiscence phenomena. Ammons has also 
incorporated into this system a set of assumptions regarding the 
warming-up effect, which, as we have noted, is an important feature 
of motor performance curves. These assumptions, together with 
others, yield rather precise predictions of reminiscence effects."* 

On the other hand, evidence that reactive inhibition or fatigue 
probably does not offer a complete account of the reminiscence 
phenomenon, even in motor learning situations, has recently been 
obtained by Gustafson and Irion (1951). This evidence involves the 
occurrence of reminiscence in the bilateral transfer of training situa- 
tion. Two groups of subjects received 10 trials of practice on the 
Koerth pursuit rotor using the right hand. Both groups then shifted 
to the left hand and received 10 additional trials of practice. One 
group made this shift immediately after completing the right-handed 
trials. The other group, however, was allowed to rest for 5 minutes 
before shifting to the left hand. The results (Figure 24) indicate a 
clear superiority of the latter group during practice with the left 
hand. While it is probably best to interpret these results with cau- 
tion until further evidence regarding this effect becomes available, 
it would seem to be clear that reminiscence cannot be entirely ex- 
plained in terms of the peripheral fatigue of the effector involved. 
It may be that a generalized reactive inhibition can explain the 
results, or that this effect may be due to recovery from reactive 
inhibition located in the perceptual mechanisms involved in such 
learning. 

(C) Motivation. The continuous work demanded by massed 
practice may be accompanied by declining motivation, which, in 


*5 The reactive inhibition hypothesis is similar, in many ways, to the differ- 
ential forgetting theories which are discussed in a later paragraph. In fact, an 


excellent case could be made for classifyi e reactive i 
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turn, operates to produce a decreased rate of learning or a poorer 
level of performance. The rest intervals of positive distribution 
may, on the other hand, permit the subject to return to the practice 
situation with a higher motivation and a resultant increase in effici- 
ency (cf. Mowrer, 1940). This is a plausible hypothesis where very 
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long and arduous massed practice is compared with positive distri- 
bution, but it does not apply with any cogency where short periods 
of massed practice are compared with the still shorter practice 
Periods of positive distribution. It is insufficient to account for the 
results of Hovland’s series of studies on distribution and remi- 
niscence and for many of the other phenomena of distribution. Dif- 


176 THE PSYCHOLOGY OF HUMAN LEARNING 


ferences in motivation may be present in experiments on this prob- 
lem and may be a condition of some of the results, but it is doubtful 
if these differences constitute a general condition which determines 
the outcome in the majority or in all of the cases. 

Differences in quantitative set, as described by Bills and Brown 
(1929) in the field of work-effects, may also be an occasional condi- 
tion of results in distribution of practice experiments. They find that 
the initial level of efficiency and the steepness of the decrement in 
adding is directly proportional to the subject’s quantitative set, i.e., 
the amount of work with which he is faced at the beginning. If 
the subject knows whether he is to employ spaced or unspaced 
practice, his quantitative set will be a function of this knowledge, 
and his rate of learning under massed practice may be less as a 
result. Since this has never been tested under the conditions of 
distribution, nothing more need be said about it here, except that 
many of the objections to motivation as a general condition of 
distribution effects also weigh against the quantitative set hypothe- 
sis. Certainly, such an hypothesis could explain only a small portion 
of the data and would be quite inadequate to explain, for example, 
the results of animal experimentation on the distribution of prac- 
tice. 

(D) Refractory phase. The discovery of a refractory phase in as- 
sociative processes (Dodge, 1927; Thorndike, 1927; Telford, 1981), 
i.e., the existence of a barrier against immediate repetition of a 
response which has just been made, reveals a condition which is 
possibly unfavorable to massed practice. One line of reasoning is 
that, in massed practice, the subject has to repeat the practiced 
responses soon enough to bring them within their refractory phases 
and hence brings about resistance to repetition. The few studies 
which have been made of refractory phase in associative processes 
have dealt only with isolated responses and do not tell us whether 
it exists at all in serial learning where time filled by interpolated 
responses fills the interval between repetitions. Nor do they tell us 
whether the length of the phase is great enou 
ence in practice at activities whose repetition 
a few seconds. For example, the effects of d 
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learning experiments should decrease as the length of list increases, 
since this allows greater time to elapse between the repetition of 
each item. Actually, however, distribution effects increase with in- 
creasing length of list (Hovland, 1940b). 

There is another manner in which refractory phase may have an 
effect upon learning. This is in terms of the effects of massing of 
practice upon response variability. The refractory phase hypothesis 
should lead to the conclusion that massing of trials should lead to 
increased variability of response.*® If this conclusion is assumed to 
be true, there still remains the problem of determining the effects 
of such increased variability upon learning. Ericksen (1942) has 
hypothesized, on the basis of such an assumption, that learning 
problems which benefit most from initial variability of attack should 
be most efficiently learned under massed practice. This hypothesis 
he has confirmed with human subjects using the McGeoch problem 
box. T. W. Cook (1934) has found massed practice to be superior 
to distributed practice in early trials of puzzle-solving, a type of 
Situation presumably calling for initial variability rather than 
stereotypy of attack. 

At the present time, however, insufficient evidence exists to 
evaluate the refractory phase hypothesis in a straightforward man- 
ner. Refractory phases seem to belong in the context of work decre- 
ments, and many of the arguments which tell against the fatigue 
hypothesis weigh against this hypothesis also. It is, however, a 
Phenomenon which deserves further study. 

8 The problem of variability of response as a function of the massing of 
trials has received considerable attention in a number of contexts at both the 

uman and the animal levels. Apart from the studies already mentioned, the 
Teader should consult Lashley (1917), Robinson (1934), Hunter (1914), and 
eathers (1940). Solomon has recently published an excellent review of this 
Material (1948). It may also be noted in passing that Book (1925) advanced 


an hypothesis which is the exact opposite of the refractory phase hypothesis. 
His contention was that concentrated study resulted in more stereotyped rather 


than in more variable behavior. 
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Perseveration Theories 


Perseveration theories are characterized by the assumption that 
some form of activity persists after practice, which causes the 
learned response to become more firmly fixated than it was at the 
termination of formal practice. There are several varieties of this 
type of hypothesis. 

(A) The classical perseveration theory. Müller and Pilzecker 
(1900) formulated a perseveration theory to account for many 
phenomena of retention, and the theory has since been invoked as 
an explanation of distributed practice. In its original form, the 
theory assumed that the neural activity involved in learning persists 
for some time after the cessation of formal practice. As a result of 
this continuing activity, the neural pattern becomes “set” or more 
firmly fixated. Massed practice does not give time for this “setting 
in” process to go on to its full extent, while the introduction of a 
rest interval allows it to become complete. Positive distribution is, 
then, more effective than zero distribution because it takes ad- 
vantage of the perseverative “setting in” of the neural traces. This 
“setting in” process amounts to a kind of unmeasured and unin- 
tended practice. Reminiscence, of course, is explained in the same 
way." 

Proponents of this theory do not usually attempt to specify the 
character of perseveration as a series of neurochemical changes or 
events. Usually, no statement is made concerning the experimental 
events, if any, of which perseveration is a function. Reference is 
often made, instead, to conscious and behavior phenomena which 
are alleged to point to the reality of some kind of neural persevera- 
tion. Persistent after-images are held to be important evidence by 
virtue of the unique embryological relation of the retina to the 
cerebrum. Of similar import are the “running of tunes in one’s head,” 
strongly recurrent memory images, persistent recall or thinking 
about acts recently performed or things recently experienced, to- 
gether with the tendency of many forms of behavior to continue, 


17 For a recent and ingenious variation of the perseveration heo; ee Von 
) p! theory, see 
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once they are begun. Acceptance of such data as signs of a general 
neural perseveration in learning outruns the facts, since it is not at 


present known whether there is perseveration of the neural substrate 


of learning. 
The theory has the merit, however, of being a very general one 


which, if it were acceptable, would account for many other phenom- 


ena besides those of distribution and r 
the theory does explain certain phenomena adequately and, in at 
least one case, gives more adequate prediction than do other (non- 
perseverative ) theories. The theory can account for Spight’s (1928) 
results on the influence of the filling of the rest interval with sleep 
or with waking activity, for the fact that intervals of 1 or 2 minutes 
are often found to be nearly as effective as much longer ones, and 
for the conclusion that the wider forms of distribution are the 
more effective ones. Furthermore, results obtained by Duncan 
(1949) on the effects of electroconvulsive shock upon the retention 

ration theory. For ex- 


of habits in the rat strongly support a perseve 
ample, in the learning of a simple habit, electroconvulsive shock was 


given at various intervals following the trials of practice. These in- 
tervals were 20 seconds, 40 seconds, 1, 4, and 15 minutes, and 1, 4, 
and 14 hours. Convulsive shock administered 1, 4, or 14 hours after 
each trial of practice had no significant effect upon learning, but 
learning was definitely slower for the other groups- Furthermore, 
this depression of the rate of learning increased as the time between 
the practice trials and the shock decreased so that the 20-second 
group showed the slowest learning, the 40-second group was next 
slowest, and so on. It would seem that, under Duncan’s exp 
tal conditions, rate of learning is a negatively accelerated, increasing 
function of the time interval between trial and electroconvulsive 
shock. These results are, of course, in agreement with observations 
upon human patients suffering from retrograde amnesia as a result 
ther neural injury. They offer strong 


of electroconvulsive shock or © c 
support for a perseveration hypothesis, although it may be possible 


to formulate another explanation for these results. 
Against a perseveration theory, a considerable array of facts may 


be mustered. The theory offers no explanation for the lack of a 


eminiscence. Furthermore, 


erimen- 
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difference between spaced and’ unspaced practice when recall is 
relatively early after practice and for the subsequent appearance of 
a clear difference after a longer time, nor does it account for the 
increase in the superiority of distribution of practice with increasing 
amounts of material. The theory is indefinite, moreover, on a num- 
ber of necessary points. The interpolation of a rest interval after 
only a single repetition of fairly complex material has been found 
to be beneficial. In this case, where very little measured learning 
has occurred, what is there of the pattern to perseverate? This leads 
at once to the question of the way in which the activity in process 
of being acquired perseverates. Does it do this as a unit or in parts? 
In either case, the time relations of the parts raise a puzzling ques- 
tion. Do the first parts of the material start perseverating in the 
order in which they are gone through during practice? If so, suc- 
ceeding parts should diminish the “setting-in” of their predecessors, 
and there should emerge a serial position curve of correct responses 
which has its lowest point at the beginning of the material and its 
highest point at the end. Except for the backward elimination of 
errors found in maze learning with terminal reinforcement, which 
backward elimination is commonly explained on other grounds, such 
a serial position curve has not been found. 

At the present time, the perseveration hypothesis must be re- 
garded as unpromising except for the results which have been 
obtained by Duncan. These results offer strong support to the 
theory, and, at the present time, make it impossible to reject the 
perseveration hypothesis completely. On the other hand, the theory 
runs into many contradictory facts which make its acceptance dif- 
ficult. It is to be hoped that the promising research opportunities 
which have been opened up by Duncan’s experiments will be dili- 
gently pursued in order that a resolution of this difficulty may be 
achieved. 

(B) Rehearsal. Another form of perseveration theory differs from 
the one just described in that it identifies the perseverative process 
as implicit practice or rehearsal. Rehearsal has long been recognized 
as a possible explanation of the results of reminiscence and distri- 
bution of practice experiments. The theory has the virtue of sim- 
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plicity, the gains still being attributed to practice, in this case 
easured, which occurs during the rest interval. 


uncontrolled and unm 
er, the theory cannot explain several different 


Unfortunately, howev 
lines of evidence. 


One crucial objection to this theory is the fact that distribution 


has been found to be superior to massed practice in a number of 
nts with animals in which one cannot reasonably assume 
al during the rest intervals. In many activities on 
uit rotor, implicit practice may be 
means of which symbolic 
worthy that in 


experime 
any active rehears 
the human level, such as the purs 


similarly ineffective, since the symbols, by 
are largely lacking. It is note 
nd other motor activities, distribution 


t large amounts of reminiscence are 
Spight (1928) may also be noted. 
count for the superiority of 
ver one filled entirely with 


practice could occur, 
the case of the pursuit rotor a 
is unusually effective and tha 
obtained. The results obtained by 
It is unlikely that rehearsal should ac 
an interval partially filled with sleep © 
waking activity. 


Furthermore, attempts to control the rest interval activity in 


such a manner as to prevent rehearsal (Hovland, 1938a, b, c; 1939; 
1940a, b, for example) have not resulted in equality of learning 
between massed and distributed practice groups: 

Lastly, the results obtained by Rohrer (1949) have indicated that 
the common assumption to the effect that rehearsal benefits learn- 


ing may be in error, at least under certain circumstances. 
In view of these facts, it must be considered that the evidence is 


definitely opposed to the rehearsal hypothesis. 

(C) The Snoddy hypothesis. ‘As a specialized form of the per- 
Severation point of view, the theoretical formulations of Snoddy 
(1985) should be noted. Snoddy attempts to account for the 
Phenomena of distributed practice and reminiscence in terms of 
the interacting effects of two opposed processes of “mental growth. 
These two processes, called primary and secondary growth, have 
ary growth occurs early in practice and 
ated time increases. Secondary growth 
mum when practice is con- 
formulated in this way, 


different properties. Prim 
increases as length of interpol 
Occurs later in practice and is 
tinuous. The concept of primary 


maxi 
growth, 
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will be seen to be closely related to the concept of perseveration as 
developed by Miiller and Pilzecker, not so much in terms of the 
assumed physiological mechanisms involved as in terms of formal 
theoretical properties. This theory has been the subject of a con- 
siderable amount of experimentation and discussion, (Bell, 1942; 
Doré and Hilgard, 1938; Hilgard and Smith, 1942; Humphreys, 
1937; Renshaw and Schwarzbek, 1938; and Snoddy, 1938). The 
theory is able to account for many of the phenomena of distributed 
practice and reminiscence. It is, furthermore, considerably more 
specific than the older forms of the perseveration theory. Its primary 
weakness is one which is common to all theories which postulate (in 
non-specific terms) two opposed processes; namely, that skillful 
manipulation of these factors enables the theoretician to predict 
almost any result. The theory has suffered, furthermore, from the 
experimental results of Doré and Hilgard (1938) and has been 
damaged by their theoretical analysis of it. At the present time, 
Snoddy’s theory must be regarded as unpromising, especially be- 
cause the lack of specific elaboration of it tends to render it fruitless 
as a basis for theoretical organization and further experimental 
analysis. 

(D) The stimulus-maturation hypothesis. Very similar to Snod- 
dy’s theory is the principle of stimulus induced maturation which 
has been proposed by Wheeler (1929) and Wheeler and Perkins 
(1932). Under this view, the perseverating process is a form of 
growth or maturation, induced by stimulation, but relatively in- 
dependent of rate of stimulation. A prediction from Wheeler’s 
hypothesis is that rate of improvement in a learned task should be 
a function of the time elapsed since the beginning of practice rather 
than of the number of trials occurring within that time. It is obvious 
that this hypothesis can apply only within rather narrow limits, if 
at all, since by spacing the trials sufficiently far apart, rate of im- 
provement can be slowed almost to zero. Early results obtained 
by Doré and Hilgard (1937) and by Hilgard and Smith (1942) 
tended, nevertheless, to confirm the hypothesis. Later results ob- 
tained by Bell (1942) and especially those obtained by Wright and 
Taylor (1949) do not support the hypothesis. The reason for this 
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disagreement of results probably lies in the fact that if a rest interval 
can be more productive of improvement than an equal amount of 
time spent in formal practice (a result which may be experimentally 
demonstrated), and if wide spacing of trials results in slower 
learning, plotted against time, than does continuous practice (an 
assumption which appears to be eminently reasonable), then 
Whceler’s prediction is bound to hold approximately true over a 
limited range of conditions. If these assumptions are granted, then 
it follows that there must be a degree of distribution of practice at 
which these two factors are in approximate equilibrium and 
Wheeler’s generalization will hold approximately true for the distri- 
bution intervals which surround this point. To argue that positive 


results, so obtained, support Wheeler's theoretical superstructure or 
ained outside this range of conditions 


n” or “understimulation” is futile since 
be predicted on purely empirical 


that negative results obt 
result from “overstimulatio 
the whole range of results may 
grounds. 


Differential Forgetting Theories 


During the course of practice a subject learns not only the 
Correct responses, but also incorrect and conflicting ones which 
retard the fixation and interfere with the performance. Since these 
Conflicting associations may be expected to be less well fixed than 
the correct ones, it is assumed that they should be forgotten at a 
als such as those introduced in remi- 


faster rate during rest interv: 
(1937) has demon- 


niscence and distribution experiments. Easley 

strated the reasonable nature of this assumption by showing that 
Poorly learned associations are forgotten at a more rapid rate than 
Well learned ones.'® It follows, then, that learning should be faster 
under distributed practice than under massed practice because the 


at the differential forgetting theory involves 
ses are forgotten at a faster rate than strong- 
held to be a function of original level of 
hat conflicting and incorrect 
t responses. Thus, conflicting 
r and not because 


the at should be emphasized th 

er be eon that weaker responses 

Keane ee of the retention curve is hetig to 

të$ iative strength. A second assumption is t 

eskom are, on the average, We: 
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rest intervals give opportunity for this differential forgetting to 
occur. A further implication of the theory is that, if practice is 
distributed too widely, the benefits of distribution will disappear 
and further distribution will become disadvantageous. This is be- 
cause, after a considerable interval of time, the conflicting associa- 
tions have been reduced to a strength approaching zero where little 
further forgetting of them can occur. The stronger, correct associa- 
tions, however, may still be forgotten and the resulting decrement 
results in a net loss rather than a net gain. Massed practice, it is 
held, either strengthens conflicting associations or permits them to 
remain longer at a relatively higher level of strength and therefore 
requires more practice to bring the correct responses to dominance. 
Reminiscence, of course, is explained in terms of the operation of 
differential forgetting during a single rest rather than during mul- 
tiple rests. This hypothesis may also be stated, as Hull (1935, 1940) 
and Hovland (1938a) have done, in terms of the building up of 
“excitatory” and “inhibitory” processes during practice and of the 
more rapid dissipation of the “inhibitory” processes with time. These 
“inhibitory” processes, according to this view, have approximately 
the same properties as has the inhibition of delay. Whichever state- 
ment of the differential forgetting hypothesis is accepted, the dimi- 
nution of conflicting or inhibitory conditions at a faster rate than 
that of the correct or excitatory conditions will leave the latter at a 
relatively greater level of strength after the lapse of an interval. 
Although these two points of view have essentially the same formal 
properties, the present writers tend to favor the competition of 
response point of view.’® 

A few of the many different conflicting associations which may 
be formed during practice should be mentioned. Wrong movements 


19 There is no overwhelmingly good reason for favoring either of these 
viewpoints over the other one. Certain experimental evidence seems to favor 
the competition of response point of view (cf. Lashley, 1918, and McGourty, 
1940). On the other hand, Hull’s position has been elaborated in specific, 
quantitative detail and is likely, therefore, to be more fruitful in terms of 
future research. It may also be noted, again, that the reactive inhibition hypo- 
thesis is, in a sense, a differential forgetting theory since reactive inhibition 


is held to be less permanent than the reaction potential from which it sub- 
tracts. 
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and place associations are frequent in perceptual-motor learning. 
Examples are retracing or making a wrong turn in a maze, incorrect 
spelling or the striking of a wrong key during typing, and the 
fixation of a relatively ineffective grip or stance in the operation 
of a pursuitmeter or at golf. Coordinate with these are ineffective 
modes of procedure, carelessness, incaution, faulty perceptual 
habits, and attention to unimportant aspects of the problem. In 
practice at many activities, anticipatory and perseverative errors 
are made and have to be overcome before the criterion can be at- 


tained. Such associations are usually less well formed than the 


primary ones and, as a result of this fact, are forgotten sooner, thus 


permitting the learner to return to practice with fewer inhibiting 


conditions to handicap the performance following rest. 


In the form of the hypothesis adopted by Hull, inhibition is 
treated as an operationally defined construct, and the inhibitory 
processes may presumably express themselves in some of the ways 
described in the last paragraph or in other ways not specified. The 
important thing is that they operate to retard learning and that, by 
definition, they are forgotten faster than the excitatory processes. 

The differential forgetting hypothesis fits, and is supported by, 
a wide range of the facts of reminiscence and distributed practice. 
Some of these facts are reviewed below. , eR 

The frequently obtained result that the wider forms of distribu- 
tion are the more effective would be predicted from it in the case 
of activities at which important ng of correct and 
conflicting responses can occur dur 
This is because the interpolation of 
tice periods gives nearly maximal oppor’ 


Setting, anes 
According to a differential forgetting theory, perceptual-motor 


Activities and disparate verbal lists should show, aaa do, y 
differences under spaced versus unspaced practice i cas 
Poetry or prose, because the number of eT tone saa 
Usually greater in the former. On the other han 2 æ : 
evidence to indicate that more reminiscence occurs mM ene 
of Poetry or prose than in the learning of nonsense material. 


amounts of learni 
ing a short period of practice. 
a rest interval after short prac- 
tunity for differential for- 
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finding may, however, be due to methodological inadequacies in 
the experiments in question. 

If we adopt the theory of serial position effects according to 
which the bow-shaped serial position curve is a function of intra- 
serial interference, then Hovland’s (1938c, 1940b) findings that the 
greatest differences between the serial position curves obtained 
under massed and distributed practice come in the central part of 
the list, and that this difference increases with increasing length of 
list, support the hypothesis. Likewise, when Hovland (1940a) plots 
errors on the first recall trial twenty-four hours after learning by 
massed practice, he finds a flat serial position curve which implies 
that errors have dropped out (Figure 25). A deeply bowed curve 


MEAN NUMBER OF ERRORS 
o-nubuaannoveood 


=m 24 HR. RETENTION 
ææ æ ORIGINAL LEARNING 


1 23 45 6 78 9 
SYLLABLE POSITION 


1O It 12 


Fic. 25. Mean Errors at Eacu SERIAL Posirion IN RECALL 24 HOURS AFTER 
REACHING A CRITERION OF ONE PERFECT TRIAL BY MASsED PRACTICE, AND AT 
A COMPARABLE STAGE OF PERFORMANCE IN ORIGINAL LEARNING 


(From Hovland, J. exp. Psychol., 1940a, 26, p. 577) 


reappears on the second relearning trial, indicating a rapid building 
up or relearning of interference effects. The interpretation of this 
latter phenomenon is doubtful, however, since it is not clear why 
the weaker associations should profit more from a new repetition 
than should the stronger ones. 


A comparison of the serial position curves for older and younger 


DISTRIBUTION OF PRACTICE AND REMINISCENCE 187 


series of nonsense syllables gives data which may be interpreted 
in terms of the differential forgetting hypothesis. The older series 
have fewer mean errors in the central positions than do the younger, 
which implies that the longer interval has been accompanied by a 
greater dissipation of intraserial interference (A. C. Youtz, 1941). 
This discovery leads Youtz to reformulate Jost’s first hypothesis, as 
follows: “Of two series of associations which are overtly remembered 
to the same degree, the one exhibiting the most extensive dissipa- 
tion of intralist inhibition will profit more on a new repetition.” This 
formulation brings together the phenomena of Jost’s law, remi- 
niscence, and distribution under the single hypothesis of the dissipa- 
tion of inhibition with the passage of time. 

A direct attack upon the problem of differential forgetting has 
been made by McGourty (1940) as a part of the investigations al- 
ready described in the discussion of serial position curves. When 
the items at the four intermediate positions of the list were con- 


structed with a high degree of formal similarity to each other (as 
e learned less rapidly than control 


OZR. ZTC, TOZ QVT), they wer 
lists in which formal similarity was randomly distributed, but a 
Significantly larger number of them were recalled on both the first 
and the second relearning trials. Trials to relearn showed no com- 
parable differences. These results may be interpreted to mean a 
forgetting of interfering associations. The two lists differed with 
respect to the composition of the middle four items, which in one 
list were constructed in a way known to produce interference from 
list to list. The fact that these four items were learned less rapidly 
must be referred to interference among them, and their recall to 
a greater degree is best interpreted as a faster dropping out of 
Interfering and wrong associations than of correct ones. 

The hypothesis that differential forgetting is the fundamental 


Condition underlying reminiscence and the greater effectiveness 


of distributed practice is supported by a considerable body of fact 


and can account for a wide range of data. At the present time, it 
appears to be one of the most fruitful of the theories which attempt 


to explain these phenomena. 


There is still much that needs to be known, however, before exact 
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predictions can be made from it. It does not tell us why any given 
length of practice period or of rest interval is more effective than 
other lengths, nor why optimal length of rest appears, in many 
cases, to be independent of amount of practice between rests. We 
may assume that this is due, in part, to the fact that for any specific 
material a given amount of practice is accompanied by the fixation 
of correct and incorrect associations adequate for differential for- 
getting to operate with a clear influence after a given interval. We 
need to know, however, the component responses, correct and in- 
correct, and what their rates of forgetting are. We also may ask 
the question, why are either the correct or the incorrect responses 
forgotten at all? As will be shown in a later chapter, forgetting it- 
self may be attributed, in part, to other interference effects. We are 
thus faced with the situation where one set of interferences inter- 
feres with, and thus removes, another set of interferences. A deduc- 
tion from this state of affairs would lead to the conclusion that 
small amounts of practice at some extraneous interfering activity 
during the rest period(s) of reminiscence or distribution experi- 
ments should enhance recall beyond the effects of mere inactivity. 

We also need to know whether remote associations are related to 
time interval in a way to fit the expectation that they should be one 
of the forms of interference lost during the rest periods. As we have 
seen, the evidence is not clear on this point. Why, also, if interfer- 
ence builds up as rapidly as it does in the experiments by Hovland 
and McGourty, are practice periods of more than a few trials ever 
effective in distribution schemes??° This is not a too difficult ques- 
tion for the hypothesis because small amounts of practice per session 
have usually been found to be optimal with verbal materials. The 
other problems raised in these paragraphs, and analogous ones 
which have not been discussed, are not necessarily fatal to the 
hypothesis, but are certainly matters upon which further knowledge 
is desirable. Without this knowledge, the differential forgetting 
hypothesis cannot be adequately evaluated. 


“" Cf. Hovland’s (1940a) discussion of the assumptions which would be 


required to make the hypothesis of differential forgetting account for his 
results that retention after distributed practice is higher than after massed 
practice. 
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The Present Status of the Problem 


riments on reminiscence and the distribution of practice 
on of time intervals between practice 
periods yields more rapid learning, under a wide range of condi- 
tions, than does continuous practice. An adequate theory must 
state the sufficient conditions which determine this facilitation. Each 
of the hypotheses reviewed in this chapter states conditions which 
may influence some of the results. However, at the present time, no 
one of these hypotheses can be considered to be entirely adequate. 
It is probable that no single set of conditions underlies all of the re- 
sults, but that a combination of two or more hypotheses is necessary. 
Rehearsal, refractory phase, perseveration, and motivation seem, 
at present, to be only occasional determiners and to lack any great 
generality, although subsequent research may further strengthen 
the importance of perseveration. Reactive inhibition, particularly in 
connection with motor learning studies, and the differential for- 
getting hypotheses appear, at present, to offer the best-supported 
account of the phenomena and to have the most general explanatory 


Significance. 


The expe 
have found that the introducti 
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VI 


LEARNING AS A FUNCTION OF MOTIVE- 
INCENTIVE CONDITIONS 


INTRODUCTION 


Motivation is an inferred concept or intervening variable which may 
be defined in a number of ways. It may be inferred from the behav- 
ior of the individual or from certain events which happen to him, 
or both. In the study of motivation, the difficulty is immediately en- 
countered that this term has had, for different investigators, a great 
variety of meanings. In the context of some experiments, this term 
has implied only some native or primary drive state resulting from 
some condition of physiological imbalance. For other investigators, 
the influence of learned drives, such as fear, has been of greater 
importance. Still other experiments have been concerned with the 
enormously complex motivational structure of the human adult. 
In view of the fact that complete continuity along this scale of com- 
plexity has yet to be established, it is, perhaps, unwise to attempt to 
define this concept too specifically. On the other hand, a general 
definition will serve to clarify a discussion of motivational effects in 
learning and will also help the student to understand the sub 
chapter on the Law of Effect. 

For purposes of discussing learning, we may say that a motive or 
motivating condition is any condition of the individual which 
initiates and sustains his behavior, orients him toward the practice 
of a given task, and which defines the adequacy of his activities and 
the completion of the task! Under this definition we should expect 


sequent 


1 The general problem of the systematic psychology of motiv: 
side the scope of this book. The definition given here is a worki 
which fits fairly well the problem of motiv 
find discussions of man 
and Vaughn (1931) 


ation lies out- 

ng formulation 

ation in learning. The reader will 

y special and general problems in this area in Diserens 

, Stone (1934), Young (1936), Bird (1940), Underwood 
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als to be more active than unmotivated 
ones, and, in fact, this increased activity level is often used as a meas- 
ure of motivational strength. Similarly, we should expect motivated 
individuals to be oriented toward particular objects and activities, 
and, correspondingly, to neglect other activities. In the same manner, 
we would expect that, once a motive has been satisfied in the course 


of such increased and selective activity, 


decline and the restriction of behavioral variability will become less 


marked (cf. Melton, 1941). As we shall see, not all of these char- 
acteristics invariably accompany aà state of motivation, although 
they usually do. In particular, orientation of behavior may be lack- 
ing because this depends upon previous experience with the motive- 
incentive conditions concerned. Individuals usually become oriented 
toward particular activities, goals, or incentives, only when these 
have been associated with motive reduction in the past. On the 
other hand, following the first period of life, completely novel in- 
centives are rarely experienced. 

A word may be said, perhaps, concerning the use of the term, 
incentive. Motives implicitly point beyond themselves to objects or 
conditions which satisfy them by diminishing or removing them. 
Satisfaction means only this diminution or removal. An object or 
condition which is reacted to as satisfying or potentially satisfying 
to a motive is called an incentive. Although motive and incentive are 
logically separate, they are so interrelated in both experimental and 
practical situations that it is useful to speak of them in combination 


as motive-incentive conditions.” 


a 


to find motivated individu 


the activity level will 


(1949), and Miller (1951). Theoretical treatments of motivation may be en 
in Carr (1925), Lewin (1935), Sherif and Cantril (1947), Miller (1951), 
in a series of papers and books by Hull. Of these, his paper on knowledge pea 
Purpose (1930), his paper on goal attraction and directing ideas (1931), an 

his Principles of Behavior (1943) are possibly the most significant. s 

? The separability of incentive and motive will become clear upon reflection. 
The subject may be motivated, but no incentive may be present. Conversely, 
the incentive may be present, but may appeal to no motive then present in the 
individual. As we have seen, moreover, certain objects which may be adegta 
to satisfy a motive may not be reacted to as an incentive because of a lack o 


experience with them (cf. Kendler, 1942a). 
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Primary Motivation 


The terms, motive, incentive, and learning are almost inextricably 
intertwined, and separation of their meanings is correspondingly 
difficult. One reason for this difficulty is that, while motivation is a 
necessary condition of the learning process, many motives are, 
themselves, the product of learning. As we have already noted, a 
similar mechanism exists by means of which the attracting value of 
certain incentive objects is established. This interrelation points to 
the fact that certain motives are unlearned and serve as an ultimate 
basis for all subsequent learning of other motives. Such unlearned 
motives are termed primary motives or primary drives. They result 
from physiological imbalances which occur when certain essential 
substances, such as food or water, are needed. It is to be noted that 
not all conditions of need result in drive behavior, but only those 
conditions of need which have been associated with problems of 
survival and reproduction in the history of the species. Thus, need 
for oxygen does not produce a state of motivation while an excess 
of carbon dioxide does. This is undoubtedly because the normal 
habitat of man contains very few situations where oxygen lack is 
not correlated with increased carbon dioxide content. Since the in- 
vention of the airplane, it is possible for men to suffer from anoxia 
without suffering from a corresponding increase in carbon dioxide. 
Under such circumstances, unconsciousness and death may ensue 
without conscious discomfort and without the heightened activity 
level which is characteristic of drive states becoming manifest. For 
the commonly recurring needs for food and water, however, primary 
drive mechanisms exist. An animal or man deprived of these sub- 
stances for any considerable period of time will exhibit an increase 
in activity level and an increased orientation toward those stimuli 
and activities associated with the appropriate incentives in the 
past. This activity and orientation will continue until the drives are 
removed or physiological weakness overcomes the individual. Two 
primary drive states deserve special consideration because of their 
slightly atypical characteristics. These are sex and pain. Sexual 
motivation is of obvious importance in the matter of species sur- 
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vival." and it is not surprising to find powerful sexual motives over 
a very wide range of species. This motivation betrays its presence 
not only in terms of sexual behavior, but also in terms of the general 
activity level. Thus, in the female rat, activity level is correlated with 
the oestrual cycle. In the male rat, great reduction in activity level 
occurs almost immediately following castration. 

a drive, differs from other primary drives in that the 
a result of external 


ave a high motiva- 


Pain, as 
need associated with it may arise suddenly as 
stimulation. The resulting painful sensations h 
tional value. The biological utility of this mechanism is apparent 
this means that many threats to survival are termi- 
n the future. 
accompanied by marked sensory 
the sensations of thirst, and the 
are examples of this. The 
ulation are even more 


since it is by 
nated in the present and avoided ir 

All of the primary drive states are 
phenomena. The pangs of hunger, 
voluptuous feelings of sexual excitation 
painful sensations resulting from noxious stim 
marked, So pronounced is the afferent receptor discharge component 
of drive states that the question may be asked, is drive anything 
more than stimulation and is drive satisfaction anything more than 
the reduction of this stimulation? (Cf. Miller and Dollard, 1941.) It 
is impossible to give an unequivocal answer to this question on the 
basis of existing information. It should be noted, however, that 
drive stimulation plays an important role in learning and perform- 
ance in a number of ways. For one thing, it is undoubtedly respon- 
Sible, at least in part, for the heightened activity level which 
accompanies drive states. This heightened activity level, in turn, is 
an important condition of practice because it makes more likely the 
discovery of adequate, i.e., motive-satisfying, modes of response. 
Heightened activity level, furthermore, serves to energize ongoing 


habitual behavior, and thus to increase the level of performance, at 
portant is the fact that drive stimuli 


least in many cases. Not less im 
may 


are discriminably different from each other and, consequently, 


te that it is reproduction rather than survival 
on and the survival of species. On the other 


sHs 
It is perhaps unnecessary to nol 
stor, however remote, who did 


Which is the basic factor in evoluti 
Nand, it is clear that no person ever had an ance: 
Not survive beyond infancy. 
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serve as conditioned stimuli for the elicitation of habitual ways of 
responding. It is because of this that we engage in the habit of 
going to the restaurant when we are hungry and to the water cooler 
when we are thirsty, and that we almost never make mistakes in 
such matters (cf. Hull, 1933, and Leeper, 1935). 


Learned Motives? 


Since primary drives often involve an elaborate response mechan- 
ism, it is possible that the operation of that response mechanism 
may become attached, through learning, to stimuli which are origi- 
nally powerless in this respect. Thus, the elaborate responses of the 
body to noxious stimulation (Cannon, 1915) may become condi- 
tioned to stimuli which accompany that stimulation. Such condi- 
tioning is, of course, only partial. The painful sensations aroused by 
the noxious stimulus are not learned, but it seems evident from the 
work on emotional conditioning that other aspects of the response 
do become learned." These learned responses, commonly referred to 
as fear or anxiety responses, evidently play a very significant moti- 
vational role in the determination of man’s behavior, Painful stimu- 
lation is, thus, the unconditioned stimulus for the learning of fear 
(cf. Miller and Dollard, 1941) and there is the distinct possibility 
that “higher order conditioning” of fear responses may occur. The 
opportunity for acquiring such fear motivation is obviously great. 


‘This discriminability of drives also serves as the basis for eliciting many 
other, less socially valuable, instrumental responses. Thus, discriminable 
amounts of fear or anxiety motivation may elicit characteristic protective habits 
of a psychoneurotic character. It may also be noted that confusion of motives 
does, upon occasion, occur. 

5 The following discussion is, of nece sity, somewhat speculative. This is be- 
cause, at the present time, little experimental evidence exists with respect to 
the manner and course of development of the learned motivational structure of 
man. 

è There is a large literature upon this subject using both human and animal 
subjects. Pioneer experimentation in this field was conducted by Watson and 
Rayner (1920). Later papers have appeared under the general headings of 
emotional conditioning, conditioning of the galvanic skin response, and the 
learning of anxiety. It is not possible to list all of these studies, although the 
reader interested in this subject would do well to consult the papers of Mowrer 
(1939), Mowrer and Lamoreaux (1942), Miller (1948), and Farber (1948). 
Dollard and Miller (1950) contains an excellent discussion of this matter. 
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On the other hand, there is no reason to expect that a large num- 
ber of different motives may be acquired in this way. Certainly the 
number of acquired motives cannot well exceed the number of 
primary motives of which they are a partial reproduction. It is 
questionable, moreover, whether all primary drive states can have 
secondary motives based upon them in this way. Concerning ac- 
quired fear and acquired sexual motivation there can be no doubt. 
The contractions of the stomach associated with hunger may, very 
probably, be learned, and certainly secretory responses connected 
with digestion can be (cf. Pavlov, 1927; Hull, 1934). Concerning 
the acquisition of other partial reproductions of primary drive states 


much less jg known. The existence of other secondary motives 


acquired in this way must be questioned until further information 


is available. 
It would appear, however, th 
drives may be small, the number 


them may be enormous. As the in 
tion of these stimulus-response relations tends to become increas- 


ingly complex, and eventually includes reactions to symbols of such 
complicated things as class status and individual role. It is probable 
that, very early in life, the individual acquires the tendency to react 
With fear or anxiety to stimuli which conflict with his own verbal 
description of himself, that is, his role. Much of the work on success 
and failure, rivalry, and ego-involvement can be interpreted in terms 
of such fear and the complicated reactions associated with that 


Motivational state. 


at while the number of secondary 
of stimuli which come to elicit 
dividual develops, the organiza- 


Other Derived Motivational States 


All of these motivational states, primary and secondary, involve 
a heightened activity level of the individual and a demonstrable 
increase in the level of stimulation. A number of other sit 
produce these characteristic effects, also. For example, a great deal 
of man’s behavior is oriented toward particular incentive objects. 
Such behavior tends to form an integrated chain of responses, the 
drive state and the fractional anticipatory goal responses serving as 


uations 
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the integrating mechanisms (cf. Hull, 1930, 1931).7 When an indi- 
vidual, behaving in this purposive or goal-oriented manner, is 
prevented from gaining the appropriate incentive object, we may 
speak of frustration. Frustration, in turn, typically results in an 
increased stimulation-activity level of the individual. There are, of 
course, many situations in the life of every individual which can 
be described as frustrating. Some of these frustrations occur because 
the appropriate incentive object is not forthcoming. The diner who 
has ordered his lunch becomes increasingly frustrated as the minutes 
roll by without the appearance of food. The child who has success- 
fully employed certain techniques for gaining social approval and 
recognition in grade school (i.c., bringing reptiles to school, being 
the best marble player, showing off, etc.) is frustrated when these 
same techniques fail to win recognition or cause rebuffs in high 
school. Frustration may result, too, from a conflict of reaction sys- 
tems within the individual which prevents effective action toward 
either of two or more incentive objects.* The increase in muscular 
tension and stimulation level associated with frustration is, in turn, 
motivating in its own right and may, moreover, be the occasion for 
the elicitation of conditioned fear responses. Thus, the soldier who 
is frustrated by his superior officer not only suffers from increased 
motivation as a consequence of this frustration, but also suffers 
from increased fear motivation resulting from the conflict between 
his desire to strike the officer and his fear of the consequences for 
such an action on his part. 

It is also interesting to note that if activity level is increased 
directly, as by having the subject manipulate a dynamometer, that 
motivation-like effects may be obtained. Since this is discussed in 
more detail in a later section of this chapter, no more will be said 
of it here. 

Another motivation-like effect which can be obtained by direct 


* The factor of secondary reinforcement in this integration may be of great 
significance also (Hull, 1943; Spence, 1947). 

$ This type of conflict situation has been extensively considered by Guthrie 
(1938). Conflicts based upon conditioned fear as the negative component have 


been discussed by Miller (1944) and Underwood (1949) (cf. also, Dollard, 
Doob, Miller, Mowrer, and Sears, 1939). 
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intervention of the experimenter is concerned with the subject’s set 
to respond. Much of human learning, both in the laboratory and in 
life, is done in response to instructions of some kind and 


everyday 
d formal motives or incentives. The chief 


without explicitly provide 
effect of the instruction is to arouse or produce a set which outlasts 
the instruction and influences behavior in the direction intended— 
that is, directs it. Set appears to have, then, the orienting and direct- 
ing property of other motives. As in the other cases we have noted, 
this directing property is based upon the past experiences of the 
subjects. The concept of set is arrived at inferentially or by the 
subject's report and is not directly measured in the learning experi- 
ment. It is, however, controllable to a certain extent through the 
arious kinds. Although suffering from a 
t is nevertheless a useful concept, 
eferred to it is undoubted. 
f experiments in human 
th the concept 


giving of instructions of v 
certain vagueness of definition, se 
and the existence of the phenomena t 
(CF. J. J. Gibson, 1941.) For the purposes 0 
learning it can be regarded as being continuous Wi 
of motive. 

It is a commonplace fact of exp 


experimenter must tell the subject wh 
experimental setting, must orient him toward what he is to practice, 


and in some degree toward how he is to practice it.° Thus, one may 
say, “Learn by the anticipation method,” and then describe the 
method, or “You are at the starting point of a maze; find your way 
to the goal” (with further description of a maze), and so on. Instruc- 
tions vary in specificity of detail and in completeness according to 


the problem and the character © ven the instruc- 


tions, the subject in front of a memory 


as it appears in the window and to connect 
anticipate each one; the subject at the starting point of a maze is set 


to find his way to the point at which the experimenter will say 


ions to this. In the conditioning experiments, 
g children or with adult aments, few or no 
it is occasionally desirable for the experi- 
tal situation without giving him 
other motivational conditions 


erimental procedure that the 
at is expected of him in the 


f the experiment. Gi 
drum is set to read each word 


the items so that he can 


® There are, of course, except 
Particularly those with very you? 
Instructions may be given. Similarly, 
menter to place the subject in an experimen! 
instructions of any kind. In these cases, of course, 
must obtain if learning is to occur. 
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“Goal”; the subject faced with a rational problem is set to attempt 
a solution. It is a problem of the first importance to measure the 
influence that variations in instructions and in the resulting set of 
the subject have upon learning. 

It should be observed that the formal instructions are not the 
only ones instrumental in establishing a set in the subject. Stimuli 
of many kinds may do it: the tone of the experimenter’s voice, or 
some unintended interpretation of the formal instructions. Further, 
the subject may instruct himself and thereby orient himself in 
directions which may or may not coincide with those intended by 
the experimenter. There are, thus, three varieties of instructions: 
(a) the formal ones of the experimental procedure; (b) the inciden- 
tal, casual, or occasional ones aroused by the situation and without 
the intent of the experimenter; and (c) the instructions the subject 
gives himself—that is, self instructions. In a later paragraph, we shall 
examine some of the effects of these instructional sets upon the 
learning process. 


The Relation of Secondary Reinforcement to Motivation 


When we consider human motivation loosely, we often speak of 
such “motives” as a desire for money, a desire for social status, or 
a desire to go to the movies. Actually, such motives as these may be 
extremely complicated and may be made up, in part, of components 
which are distinctly non-motivational in character. Thus, a desire 
for social status may be, in part, a complexly stimulated fear of 
social rejection and, in part, a tendency to react positively toward 
certain symbols of social approval. It is this tendency to react 
positively toward certain symbols that we speak of as secondary 
reinforcement. Since the characteristics of secondary reinforcement 
are discussed elsewhere in this book (Chapter VII), we shall give 
only a brief statement of its major characteristics here. Certain 
stimuli which are associated in time, upon a number of occasions, 
with primary rewards (food, water, etc.), as a result of this associa- 
tion acquire the capacity to reward or reinforce habits even in the 
absence of the primary rewards and the primary motives which 
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were originally present. For example, Wolfe’s (1936) chimpanzees, 
who associated food with tokens, would later solve problems in 
order to obtain such tokens. A great many stimuli acquire secondary 
reward value in the life history of every individual. For the infant, 
stimuli which are consistently associated with feeding or comfort- 
ing take on such value. Not only the physical objects (nursing 
bottles, etc.) associated with these events, but also the persons and 
the activities of the persons involved, acquire secondary reward 
value. Thus, the presence and reactions of the mother or nurse 
reinforcing stimuli to the average child. 
The child will then tend to learn acts which are consistently fol- 
lowed by such secondary reinforcing stimuli. Many of the “attention- 
getting” habits of childhood are learned on this basis. Because the 


individual learns to react positively to such stimuli and because 
ch achieve such stimulation, we may say, 


a “desire” for these things. Thus, the 


individual learns to respond to coins and currency in much the 
same fashion (although in a more complicated way) that the chim- 
panzee learns to respond to the tokens. Furthermore, once habits 
are established which lead toward symbolic rewards, the individual 


begins to anticipate the occurrence of these incentives. Blocking of 
his activity or the removal of these learned incentives will then 
produce frustration and the heightened motivational level associated 


with that state. 


become stron g secondary 


he learns habits whi 
loosely, that the individual has 


THE EFFECT OF MOTIVATION UPON LEARNING 
AND PERFORMANCE 
There are several problems which must be examined in connec- 
tion with the effect of motivation upon learning and performance. 
The first of these concerns the effect of motivational changes upon 


ains constant. That is to say, given a 


performance when habit rem 
the performance 


particular amount of practice on a given task, can 
level of the subject be changed by increasing or decreasing his 


motivational level without affording him additional practice? A 
second problem concerns the effect of motivational level upon the 
acquisition process, itself. That is, does learning occur more readily 
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under some motivational conditions than under others, and can this 
differential learning be demonstrated under subsequent test condi- 
tions wherein motivational level is held constant for all subjects? 
In connection with this, we must also note the relationship between 
motivational level and the operation of the law of effect. A third 
general problem concerns the techniques which may be used for 
increasing and decreasing the motivational level of human subjects. 
In connection with this, we shall wish to examine a sample of the 
experimental results which have been obtained under different 
types of motive-incentive conditions. 


The Effects of Motivation upon Performance 


When learning has progressed to a measurable level, changes in 
the drive state of the learner may be reflected in immediate be- 
havioral changes. These behavioral changes, moreover, occur when 
there is no opportunity for further learning to take place. It is 
important to note, however, that in the investigation of this problem, 
it is the drive rather than the incentive which must be manipulated 
by the experimenter. Changes in the magnitude of the incentive 
object cannot cause an influence upon behavior until at least one 
additional trial of practice has been conducted.” Studies on this 
problem have been conducted almost entirely with animal subjects. 
The reason for this, of course, lies in the relatively greater ease of 
manipulating motivational variables with animals. 

In Hull’s (1943) Principles of Behavior, this problem is given 
theoretical consideration. According to Hull’s analysis, the interven- 
ing variables of habit (effective habit strength, sH;) and drive (D) 
combine in a multiplicative fashion to produce the intervening 
variable termed excitatory potential (sEz), which, other things 


10 As is noted elsewhere in the text, Hull (1943) assumes that magnitude 
of the incentive object has an influence upon learning whereas magnitude of 
the drive has an influence upon the performance of learned acts. In_ his 
later postulate system (1950) Hull assumes that both magnitude of incentive 
object and magnitude of drive influence the performance of learned acts and 
have no direct influence upon the acquisition process. For a number of reasons, 
Hull's earlier treatment appears to be more satisfactory. 
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being equal, determines the probability of occurrence, the ampli- 
tude, the latency, and the resistance to extinction of the activity 
involved. Thus, given a particular amount of habit strength, per- 
formance can be changed in characteristic ways by a manipulation 
of drive strength. It should also be noted that in this formulation 
Hull makes specific provision for the effects of irrelevant drives, that 


is, drives which are not concerned with the incentive toward which 


the activity is oriented. 

Perhaps the best example of the effects of relevant drive changes 
ance is contained in the experiment by Perin (1942). 
In a portion of this experiment, Perin used four groups of forty 
animals (white rats) each. Each of these groups was given sixteen 
reinforcements in the Skinner box situation under a constant 
23-hour hunger drive. The groups were then extinguished under 
different strengths of hunger motivation (1, 8, 16, or 23 hours of 
privation from food ). Strength of performance, in this situation, can 
be measured by determining the amount of time necessary for 
extinction to occur, or by determining the number of bar-pressing 
responses necessary to achieve the criterion of extinction. Both 
of these measures, in Perin’s experiment, indicated that, as hun- 
ger drive during extinction was increased, performance became 
stronger. Thus, using number of responses to reach the criterion of 
extinction as a measure, Perin found that a mean number of 9.10 
responses occurred under 1 hour of deprivation, 12.30 responses 
under a 8-hour hunger drive, 94.50 responses under a 16-hour drive, 
and 32.90 responses when the animals had been deprived of food 


for 23 hours. 

Concerning the effects of manip 
results obtained by Webb (1949) 
groups of animals (white rats). 


upon perform: 


ulating irrelevant drive states, the 
are instructive. He employed five 
The animals in each group were 


ive acceleration to this function. 
s were all trained under twenty- 
r different intensities of 


11 It will be seen that there is a slight posit 
This is probably due to the fact that the animal: 
three hours of hunger but were extinguished unde i 
hunger drive. Because the drive stimulus, in such cases, becomes a portion of 
the stimulus complex eliciting the response, the positive acceleration may be 
deduced from the fact of stimulus generalization. The student would do well to 
consult Perin’s (1942) paper, which also discusses the findings of Williams 
(1938). Hull (1943) contains an excellent discussion of these data. 
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trained to perform a simple instrumental response to obtain food. 
At this time, all animals were operating under a 22-hour hunger 
drive. Following this, the animals were extinguished while satiated 
for food, but while suffering from various intensities of thirst drive. 
In group I, the animals were satiated for both food and water. In 
groups II, III, and V, the animals were satiated for food but suffered 
from 3, 12, and 22 hours of privation from water, respectively. 
In group V, animals were extinguished under the same motivational 
conditions that prevailed during training, that is, satiation for water 
and 22 hours of hunger. According to Hull’s theory, this last group 
should show the greatest resistance to extinction because the stimu- 
lus complex remains unchanged between learning and extinction. 
On the other hand, as strength of the irrelevant drive increases 
(conditions I through IV) there should be a clear increase in the 
strength of performance as measured by resistance to extinction. 
This result was obtained. When median number of responses during 
extinction is plotted against hours of water deprivation, a nearly 
linear increasing function is obtained.'* 

One feature of Webb’s experiment is that the relevant drive 
(hunger) was not present during the operation of the irrelevant 
need (thirst). In an experiment to determine the effects of com- 
bining relevant and irrelevant drives, Kendler (1945) found the 
irrelevant drive of thirst combined with the relevant drive of 
hunger (22 hours) to augment the performance of a lever-pressing 
response. This was true, however, only when moderate degrees of 
irrelevant thirst drive were employed. When a high level of thirst 
motivation was used in combination with hunger motivation, a 
lower level of performance was obtained than by means of the 
hunger motivation, alone. Siegel (1946) has obtained results which 
appear to corroborate this latter finding of Kendler’s. 

The problem of the interaction of motivational states, thus, is 
raised. It is possible that hunger operates to modify thirst motiva- 
tion, and vice versa, and that the summation of drives does not 
follow any simple relationship. Furthermore, there is the distinct 


1? Webb fits a straight line to his data, the equation for which is: y = 0.17x 
+ 3.18. 
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probability, based on physiological knowledge, that different pairs 
of drives summate and interact in different ways. Using a different 
combination of drives, Amsel (1950) failed to show a summation 
of pain and hunger drives, although he did demonstrate a summa- 
tion effect when hunger and fear were combined. It is probable, as 
Amsel concludes, that the pain stimulus (electric shock) used in 
this experiment was too strong for summation to be demonstrated. 
This is an effect which could be obtained under the general plan 
of Hull’s (1943) theoretical analysis.** When Amsel employed a 
combination of hunger and the weaker anxiety or fear drive (result- 
ing from the shocks mentioned above), the expected summation 


was obtained. 


Still another effect of motivation upon performance depends upon 


the conditioned stimulus function of the drive stimulus. Since all 
drives seem to have strong afferent components, the possibility that 
drive-produced stimuli may become components of the conditioned 
stimulus is apparent. Although much work remains to be done on 
general conclusion reached by Hull 
(1933) and Leeper (1935), that different drive stimuli may serve 
as a basis for discrimination learning, appears to be well founded. 
Kendler (1946, 1949a, b), in a series of studies, has considered this 
and related problems. His results would seem to indicate that, while 
drive stimuli do become conditioned stimuli, not all drive stimuli 
function in this way. According to this view, which Kendler terms 


the selective principle of association of drive stimuli, only relevant 
drive stimuli become conditioned stimuli for the elicitation of 
learned responses. That is to say; y those drive stimuli that are 
reduced as a result of reinforcement 


function. For example, in one experiment, 


this important problem, the 


onl 
during training take on this 


animals were trained in 


18 This follows from Hull's definition of the total effective drive state, which 


is given by the equation: so 
D 


total effective drive D E Mp 
where Di Jominant primary drive, D is the combined 
is the strength of the domi p! TA possible drive strength, 


Strength of all irrelev ives, and Mp is the maximur 

; E a elevant drives, and Mp 1s : 

ie., 100 units (motes). It may be seen that when the value of D approaches 
Â will become minimized. 


the value of Mp» the effect of D w 
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a T-maze under both hunger and thirst drives. One goal box of the 
T-maze was baited with water and the other with food. Following 
training in this situation, Kendler tested the animals under a single 
drive, either hunger or thirst. In this test, the thirsty animals re- 
sponded appropriately 98 per cent of the time and the hungry 
animals responded appropriately 73 per cent of the time. Since drive 
stimuli for both hunger and thirst were present during training, 
these stimuli should have become associated with both responses 
in an approximately equal fashion. It would appear, then, that some 
selective principle is necessary to account for these findings." 


The Effects of Motivation upon Habit Acquisition 


There are a number of ways in which motivation influences the 
acquisition process. In the first place, motivation is a necessary con- 
dition of practice. The heightened activity level that is characteristic 
of motivational states makes possible the “discovery” of correct ways 
of behaving. It is also worth noting that, in complex learning situa- 
tions where the learning consists in large part of abandoning or 
extinguishing previously learned conflicting responses, high motiva- 
tion may impede the learning process. This is because, as we have 
seen, increases in motivation are typically accompanied by an in- 
creased resistance to experimental extinction.’ 

The most important relationship between motivation and acquisi- 
tion, however, is concerned with reinforcement or reward. As we 
shall see in Chapter VII, the empirical law of effect is a well- 
established principle of the learning process. Almost all formula- 
tions of the nature of reward include some statement regarding 

14 It would seem that Guthrie’s theory is especially well adapted to handling 
these findings. According to this view, responses which occur when drive stimuli 
are reduced tend to become attached to those drive stimuli because they are 
the last responses to occur in the presence of those stimuli. Irrelevant drive 
stimuli, however, continue to operate and the responses learned to them are 
presently unlearned through the mechanism of associative inhibition, Kendler, 
himself, does not subscribe to this view but attempts to explain his findings in 
terms of the formation of anticipatory eating and drinking responses. 

15 This effect may become quite marked in learning situations which involve 


both a high motivational level and a need for flexibility of behavior, Hamilton's 
(1911) “persistent non-adjustive reaction” is a case in point. 
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motivation. In fact, primary reward is typically held to be nothing 
more than the satisfaction or reduction of some motivational state. 
If this is true, then it is apparent that without motivation there can 
be no reinforcement. Following this line of reasoning, it is easy to 
see that there may well be an interaction effect between amount of 
motivation and amount of incentive as regards the effect upon 
learning. If a particular incentive object is ineffective in the absence 
of motivation, but effective when the motivational state is acting, 
is this transition an all-or-none affair or does the 
particular incentive object change in a regular 
fashion as level of motivation is raised from zero to some high value? 
In another context, the same question may be asked in the following 
terms: if two groups practice for an equal number of trials with an 
equal level of reinforcement at the same task, and if these two 
groups differ only in level of mo 
will a later test when the groups are also equated for level of motiva- 
tion reveal a difference in the performance of the groups? Unfortu- 
nately, this experimental problem is an extremely complicated one 
to undertake to solve. The complicating factor is that the drive 
levels present during training result in different drive stimuli which, 
as we have seen, may become part of the stimulus complex which 
clicits the learned activity. Because of this, when the motivational 
levels are equated for the final test in the experiment mentioned 
above, the measurement includes the factor of stimulus generaliza- 
tion as well as the factor of differential learning under different 
drive states. Because of this complication a solution to this problem 
awaits the performance of a major piece of research employing an 
elaborate experimental design. At the present time, no unequivocal 
data exist with respect to this problem. It seems likely, though, that 
such drive-reward interaction effects do exist, although it would be 
hazardous to attempt to formulate the nature of this relationship 


at the present time. 


the question is, 
reinforcing value ofa 


tivation present during training, 
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Incidental Learning 


The problem of incidental learning should be mentioned in this 
connection. We have seen that the factor of motivation is a potent 
one in determining learning and performance, but even when there 
seems to be no motive, people still learn. Learning under such con- 
ditions is called incidental learning and may be defined as learning 
which apparently takes place without a specific motive or a specific 
formal instruction and set to learn the activity or material in ques- 
tion. It is understood, of course, that the material must have stimu- 
lated a receptor and that no formal administration of reinforcement 
is involved. As we shall see, there is some doubt of whether learning 
occurs when motivation and reinforcement are lacking, but on 
casual inspection it would appear that there are numerous examples 
of this type of learning. When a subject who is under instruction to 
learn a list of words presented on a memory drum learns also that 
the hood of the drum has a crackle finish, or that the base is of 
varnished oak, or that the windows are made by sliding movable 
shutters along parallel grooves, he is doing incidental learning. So 
is he if he learns the contents of the experimental room or the 
clothes the experimenter wears. Much of the learning of everyday 
life is of this incidental sort. One drives along a road, walks down a 
street, meets friends and talks to them, and afterwards remembers 
much that seems to have been entirely separated from any specific 
motive which had been operating or any reinforcement which may 
have occurred. 

Under such circumstances learning certainly does occur, but it 
also fails to occur and perhaps more frequently than not. In each 
of the situations mentioned above, there is much which comes 
within the sensory range of the individual but which he does not 
learn. Many of the familiar stimulating conditions of daily life leave 
no reportable impressions on us. The houses on often-traversed 
streets, the details of an often-entered room, whether or not an 
acquaintance wears glasses, and many another such item may never 
be learned. One difficulty with the study of incidental learning by 
such anecdotal methods is that we have no estimate of the ratio 
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arnable items. A second difficulty 


of learned items to potentially le 
g from the learning situation all 


involves the problem of excludin 


forms of motivation and reinforce 
xperimentally, incidental learning is usually 


bjects to stimulation under conditions which 
ation to learn and then by testing to see if 
learning has occurred. It is not easy, however, to make sure that the 
observes the material presented, and at the same 
arn it, If he does not perceive the material, 


a test for learning is meaningless. If he is in any way set to learn, 
the result comes under the heading of learning as a function of the 
influence of set. Because of the difficulty attending the control of 
set, and because of the uncertainty that learning occurs in the 
or other motivation), the word “apparently” has 
above. Many of the experiments 
dental learning have so obviously 


learn that that their results need 


ment which might influence the 


acquisition process. E 
studied by exposing su 
seem to exclude motiv: 


subject actually 
time has no intent to le 


absence of set ( 
been used in the definition given 
published under the name of inci 
left room for the arousal of a set to 
not be considered here. 

Subjects were asked by Myers 
distributed among other letters prin 
They were then asked what letters 
many lines of letters there were, what was 
and the letters, and similar questions. Th 
answers varied with the item, but was quite small. Few other letters 
were recalled; colors were fairly well recalled but were often 
ascribed to incorrect parts of the material; and the border was either 
not recalled at all or was recalled incorrectly. o, 

Shellow (1923) has employed a variety of devices for insuring 
perception while excluding operationally induced sets to learn. p 
one experiment, the subjects were instructed to learn the names a 
magazines by looking at their covers and were asked later not only 
the names, but also a number of questions about the pictures and 
other features of the covers. In another, the subjects were asked to 
estimate the areas of differently colored forms and later were asked 
for recall and recognition of certain aspects of these materials. 
These and other methods gave clear evidence of incidental learning 


(1913) to count rapidly the O's 
ted in color on colored paper. 
there were besides O's, how 
the color of the paper 
e frequency of correct 
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in spite of the fact that care was exercised to avoid arousing an 
explicit intent to learn. 

Biel and Force (1943) have used a similar device for assuring 
perception, presumably without arousing intent to learn. In this 
case, subjects were told that the experiment was concerned with the 
legibility of different typefaces, but were later asked to recall the 
materials printed in these different forms. Their results, like those 
obtained by Shellow, indicated that learning occurs under these 
circumstances. Their data further indicate that, when level of learn- 
ing is equated, incidentally learned material is retained as well as 
intentionally learned material. 

Work carefully done by the Aussage method also yields evidence 
for incidental learning. To subjects who are not instructed either to 
observe or to learn, a picture or an event is presented with a later 
request either to write a description of it or to answer questions 
about it. This will be recognized as being analogous to everyday 
situations on which people are sometimes asked to give testimony 
in court and which they frequently recount to others. These experi- 
ments yield substantial evidence of learning, but the material pre- 
sented is far from being completely recalled and that which is 
recalled is by no means free from error. Furthermore, it is entirely 
possible that such situations as the ones usually employed in these 
experiments are not entirely free from hidden sources of secondary 
reinforcement. 

Analysis of the experimental data shows that while subjects are 
practicing a given act or material with intent to learn it they may 
also learn other things toward which they are not directly motivated 
by the formal conditions of the experiment, and that when stimu- 
lated by material without instruction or formally controlled motiva- 
tion to learn, they still learn. The question remains whether sets 
uncontrolled by the experimenter have been operating. A valuable 
answer to this question has been given in one important case by 
Jenkins (1933). In this case, a student who thought he was serving 
only as experimenter, read each syllable of a list of 20 as it appeared 
in the window of a memory drum to a subject who could not see the 
window and who was instructed to learn the syllables as they were 
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read to him. The experimenter was told to read each syllable clearly 
and distinctly, inasmuch as the experiment depended upon the 
accuracy of his reading. When the memorizer, on appropriate test, 
had made one successful recitation, both he and the experimenter 
were asked to return after 24 hours “to complete the learning.” On 
their return, each was asked to write a recall and to report on expe- 
riences during learning and reproducing. Data were obtained for 
24 who had served as subjects and for 24 who had served as 
experimenters unaware that a recall would be expected of them.?¢ 
The mean recall under the instruction to learn was 15.9 + 2.4, and 


under the instruction only to read clearly was 10.8 + 3.6 (the 


measures of variability are average deviations ). This is in agreement 


with the results of other experiments on incidental learning, but 
he present question are the reports of the 
subjects concerning their activities while serving as readers. Ten 
of the 24 “experimenters” reported deliberate and self-instructed 
attempts to learn, and only 8 asserted definitely that they did not 
try to learn." The reports demonstrate, however, that the absence 
of a definite attempt to learn does not mean the absence of sets of 
the kind which influence learning. Indicated in the reports are fleet- 
ing and casual sets established by the materials and conditions. 
One syllable was remembered because the subject persistently 
missed it, Another was remembered because it was the last in the 
list, and so on. Jenkins found no subject who failed to report the 
presence of occasional instruction, and such factors as these, together 
with the meanings suggested by the syllables, will account for a 
great deal of the learning that occurred. These results show a defi- 
nite set to learn on the part of some of those who were reading the 
syllables without formal instruction to do anything but read, and 
the presence of self-instructions or casual instructions in all. The 
inference is so plausible as to be almost inescapable that the learning 


much more important for t 


_ ' Alper (1946) has used a similar method in order to study incidental learn- 
ing under conditions of ego-involvement. Unfortunately, her data may be inter- 


preted in terms of rehearsal (1948). g 
17 These eight subjects recall 8.0 + 2.0 syllables after reading, The absence 


of reported set to learn is accompanied by a smaller recall than is the presence 
of reported set, but the recall is still considerable. 
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which occurred without formal instruction to learn was, neverthe- 
less, learning under the influence of instructions and sets of other 
kinds. Certainly, so long as such sets were present, we cannot con- 
clude that any of the learning was uninfluenced by instruction and 
set. It is probable that all was influenced by it. 

In this connection, the experimental findings and theoretical 
analysis of Postman and Senders (1946) may be cited. Their results 
indicate that, although their subjects were instructed to learn par- 
ticular aspects of the material presented to them, they nevertheless 
learned other aspects of the material as well. Postman and Senders 
point out that the subjects may have “overt sets” to memorize the 
material, either as a result of formal instructions given by the 
experimenter or as a result of explicit self-instruction. They also 
conclude that “covert sets,” not necessarily reportable by the sub- 
jects, may also operate to produce learning. This latter factor is of 
undoubted importance in incidental learning experiments. For 
example, in cases where the subject is instructed to read, but not 
instructed to memorize, certain material, it is nevertheless probable 
that the subject has an implicit set toward memorization. This is 
because reading habits have been established which point toward 
the comprehension and retention of the material read. These habits 
are so thoroughly established that we may consider the mere act of 
reading to be a learning activity and that we may question whether 
it is possible for an individual to read material in a completely 
passive manner and without acquiring some knowledge of the con- 
tent of the material read. 

In harmony with this conclusion are the reports of Shellow’s 
(1923) subjects who describe the use of mnemonic devices of 
exactly the same sort as those employed in intentional learning. 
The vividness or the affective tone of colors, the peculiarities of 
personal experience, and the positions of the items, for example, 
were used as aids. The reports imply the arousal of a set to learn 
during the observation of the material. Shellow concludes that inten- 
tional and incidental learning are alike “in that fixation depends 
on some response” of the subject. Though learning may occur with- 
out apparent motivation, actually the subject is set or directed 
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toward parts of the material by reason of habitual modes of attack, 
interests, meaning, or by varied self-instructions. When we couple 
with these considerations the complex and subtle influences exer- 
cised by the behavior repertoire of the individual upon the fixation 
of new responses, together with the possible influence of spread of 
effect (Chap. VII), each of which is a function of some motivating 
condition, the stage is set for an acceptance of the statement that 


incidental learning is only “apparently” unmotivated. 
SPECIAL METHODS OF CONTROLLING HUMAN MOTIVATION 

ave been used in experiments on human learn- 

ing to vary the motivational state of the subject. A brief review of 


the more important of these is offered here together with a few 
acteristic experimental results obtained in each 


Certain methods h 


examples of char 
situation. 


The Influence of Addition and Removal of Special Incentives 


ol the individual's motivational level by use 


An attempt to contr 
e of the most widely used tech- 


of special incentives represents on 
niques in the practical control of human behavior. Actually, of 


ally concerned, at least in part, with the 


course, this method is re 
amount of reward. Additional 


study of learning as a function of 
information on this subject, therefore, is to be found in Chapter VII. 


An experiment by Book and Norvell (1932) illustrates the gen- 
eral influence of the introduction of a group of special incentives 
and of their later shift from one group to another. A control group 
of university upper-class students were given seventy-five practice 


periods of thirty seconds each at making the small letter “a” as 
accurately and as rapidly as possible without t 


he addition of any 
special incentive other than the instruction to wor 


k as rapidly and as 
conscientiously as they could. An experimental group worked under 
similar conditions, plus the 


following incentive conditions: (a) 
knowledge of score after each trial; (b) frequent encouragement 
between trials; (c) urging to do their best; (d 


) instruction to be on 
the lookout for any method which would aid in the learning; and 
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(e) the occasional statement that they should be doing better. At 
the beginning of the last third of practice each subject in the control 
group was given a record of the best score made in any preceding 
period and during the rest of practice received the incentive con- 
ditions listed above. These incentives were withdrawn from the 
other group (previously labeled “experimental” ) during the same 
period. 

These experimental conditions are not analytic or clean-cut. A 
number of different incentive conditions are applied and no isolation 
of the individual influence of each is possible. Furthermore, some 
of the incentives appear to be more in the nature of guidance and 
instruction than to be motivational in character. It is possible, then, 
only to say that some effect occurs and that a change in score 
follows the removal of all of the incentive conditions. The experi- 
ment is cited both as an illustration of the general technique and 
findings of such experiments and because the results appear to be 
roughly analogous to some of those obtained under similar condi- 
tions with infrahuman subjects. 

The curves in Figure 26, which are for a total of 48 men, are an 
example of the results. The practice periods are plotted in groups 
of five, so that there are only 15 divisions of the abscissa. The curves 
of the two groups are close together during the first 25 trials, but 
diverge during the next 25 until, at the 50th trial, the experimental 
group is considerably superior to the control. The shifting of the 
incentive conditions from one group to the other is followed by a 
reversal of the levels of performance. It will be noted that, although 
the learning curve for the control group does not rise so fast as that 
for the experimental group, it still rises, presumably as a function 
of the motive-incentive conditions aroused by the instructions and 
the entire experimental situation. To these motive-incentive condi- 
tions, which may be assumed to have an equal average strength in 
both groups, the special incentives were added. 

A more analytic investigation by Abel (1936), which employed 
but one incentive at a time, likewise demonstrates that the addition 
of a special incentive accelerates learning. It shows, further, that 
the introduction of an effective incentive (a penny) after each trial 
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during the last half of practice in a multiple-U maze is equal in 
effect on nine-year-old boys to the same incentive after every trial 

Praise and reproof are incentives which are much used Pc pada- 
gogical devices. Unfortunately, these are difficult to isolate as single 
variables, and in many of the experiments social approval and 
rivalry are added to praise and social disapproval to reproof. In an 
experiment by Hurlock (1925), four equated groups of grade-school 
children practiced addition under four different incentive condi- 
tions. The control subjects worked in a separate group and without 
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(From Book and Norvell, Ped. Sem., 1922, 29, p. 823) 

comment. The three other groups worked together but under differ- 
ent reward-incentive conditions. The names of those in the praised 
group were read and the children were asked to come to the front 
of the room and face the class where they were praised and encour- 
aged. The members of the reproved group were called out and 
severely reproved for careless and inferior work, while those in the 
ignored group heard the praise and reproof given to the others but 
received no notice themselves. The mean scores (Table X), which 
are equal on the first day become different thereafter. The controls 
show no consistent gain from practice, the ignored group gains 
slightly at first but later falls below the level of its second day, 
while the reproved subjects show a more substantial gain but do not 
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maintain it, and the praised group a larger and more consistent gain. 
Reproof, which is a poor second to praise at the last practice period, 
is equal to praise on the first and second days of their application 
but becomes inferior thereafter. These special incentives give the 
results mentioned in spite of the fact that the subjects must have 
been already fairly well practiced in the activity of adding. Other 
experiments, likewise, have found praise and encouragement more 
effective than reproof, although reproof may still have a positive 
effect (Gilchrist, 1916; Abel, 1936). 


TABLE X 
Scores IN ADDITION UNDER Four DIFFERENT INCENTIVE CONDITIONS 
(From Hurlock, J. educ. Psychol., 1925, 16, p. 149) 


Day 5 

Practice Day PE. 
Group 1 ž 3 4 5 Av. 
Control 11.81 12.34 11.65 10.50 risk +55 
Praised 11.81 16.59 18.85 18.81 20.22.99 
Reproved 11.85 16.59 14.30 13.26 14.19 87 
Ignored 11.84 1419 13.30 12.92 12.38 79 


Another negative form of incentive is electric shock. When elec- 
tric shock is employed as an incentive during practice, it is com- 
monly administered for particular responses, such as entering a 
blind alley, and not at the end of a trial or in some other way which 
does not refer to specific behavior, There is a very large body of 
data regarding the administration of shock for erroneous responses, 
the general trend of results indicating that the use of shock in this 
way facilitates the learning process. Following the pioneer study of 
Bunch (1928) which showed a definite acceleration of learning 
(50 per cent reduction in trials, 30 per cent reduction in time and 
errors) when shock was administered for erroneous responses, 
numerous other studies have confirmed this effect (Bunch and 
McTeer, 1932; Crafts and Gilbert, 1934; and others). The facilita- 
tion of learning appears also in mirror-drawing where shock can be 
administered when the tracing stylus touches the boundaries of the 
path. Barlow's (1933) subjects, for example, received a shock on 
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the wrist when the stylus touched the notched walls on the inside 
of the right half of a six-pointed star path or the walls of the outside 
of the left half, with the results shown in Table XI. The experimental 
group, which received shock for errors, took more time during the 
twenty circuits than did the controls and made fewer errors on both 
the shock side and the non-shock side. The increase in time does not 
necessarily contradict Bunch’s result with a maze, because his sub- 
jects learned to a criterion while Barlow's stopped after twenty 
circuits of the star, and the reduction of total trials which Bunch 
found carried with it a reduction in total time necessary to reach 
the criterion. The two experiments agree in finding that shock 
ecreased appearance of the unshocked 
errors implies a general motivational influence from the shock in 
the other sections of the pattern. The decrease in errors and in- 
crease in time per trial have been verified by McTeer (1933) who 


administered shock for errors on all sides of the star. 


increases time per trial. The d 


Taste XI 


Mean Tre AND Error RECORDS IN MakiNc 20 CIRCUITS 
or A S1x-PornTep STAR 


(From Barlow, Amer. J. Psychol., 1933+ 45» P- 480) 
Errors 


Time 
Group N Mean Shock Side Nonshock Side 
Experimental 23 1202.8 175-9 238.2 
Control 30 990.2 286.3 302.2 
ae a 


arning may be demon- 


The influence of electric shock upon le: 
tions (McTeer, 1931; 


strated in a number of other learning situa 
n, 1937; and Gurnee, 1938), when administered 


Bunch, 1935; Gilbert, 1936, 1937; Bernard, 1941, 
), and even when administered 
Muenzinger, 


Bunch and Hagma 


non-informatively ( 


1942; and Bernard and Gilbert, 1941 
for correct responses (Tolman, Hall and Bretnall, 1932; 


1934a, b). 
Electric shock differs from other operationally controlled incen- 
tives in that it is usually administered for particular responses (for 
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example, in the blind alley rather than at the end of the maze 
pattern), and in that it normally elicits withdrawing behavior. The 
conditions and modes of its action may be discussed, therefore, 
separately from those of other incentives. 

(a) Intensity of shock is a variable which may be measured 
accurately on the electrical side and roughly on the side of the 
subject's judgment. The available data are unanimous in showing 
that the intensity of shock most favorable to learning lies somewhere 
between the extremes of a subjective rating scale of intensities. 
“Heavy” shock may inhibit learning rather than facilitate it. The 
influence of any given intensity is a function of the units in which 
learning is measured, of the point in practice at which it is given, 
and doubtless of other conditions (Bunch, 1928; Vaughn and 
Diserens, 1930; McTeer, 1933). 

(b) The number of trials during which it is given and the stage 
of practice during which these trials occur have been systematically 
studied by Bunch (1935) in an experiment which clearly demon- 
strates the accelerating influence of shock for errors in maze learn- 
ing. Shock was administered during 2, 4, 8, or 12 initial trials 
and also after the subjects had had 2 or 4 trials before the introduc- 
tion of the shock. Shock for a limited number of trials is not greatly 
different in effectiveness from shock given throughout practice. 
Whether the trials with shock are initial ones or occur after 2 or 4 
trials without shock, the influence of the shock is nearly at a maxi- 
mum when given for 2 or 4 trials and increases very slightly when 
given for 8 or 12 trials. With respect to stage of practice, the 
influence of the trials without shock is somewhat greater when 
introduced after 4 trials without shock. The few other data on this 
problem corroborate these in implying that shock during part of 
practice is nearly as effective as during all, and that shock during 
a part of practice is more effective if it is introduced after a few 
initial trials (Valentine, 1930; Travis, 1938). 

(c) The influence of shock varies with the specificity of its rela- 
tion to a particular act. Shock for specific acts is more effective in 
the elimination of individual errors than is non-specific shock, 
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although shock which is not specific to individual acts has a general 
accelerating influence. This general effect is implied by the fact 
that shock during as few as 2 or 4 trials accelerates learning nearly 
as much as when it is given for 8 or 12 trials (Bunch, 1985). mid 
has been independently established by the work of Gilbert (1936, 
1937), Bernard (1941, 1942) and Bernard and Gilbert (1941). 

(d) The influence of shock seems also to be a function of the 
activity practiced. Shock administered when the stylus loses con- 
tact with the target in a form of pursuitmeter is only slightly facilita- 
tive, if at all (Travis, 1938; Travis and Anderson, 1938). It is readily 
conceivable that shock should disrupt a delicate, difficult, and con- 
tinuous eye-hand coordination of this kind. Shock given during the 
last two seconds of a four-second exposure of irregular designs yields 
a decrease in the number of correct recognitions (Gurnee, 1939), 
possibly because the shock is not regarded as an integral part of 
the practice situation. It is to be expected that there are many 


activities which shock will disrupt by eliciting other and interfer- 
ptive aspect as a function of the activity 


ing responses. This disru 
rinciple to the inhibiting action of high 


practiced is similar in p 


intensities of shock. 
(e) The other motive-incentive conditions effective at the same 


time may frequently be sufficient to produce relatively rapid learn- 
ing, and the addition of a given degree of shock may add little. 
Muenzinger (1934b) has suggested that with adult subjects the 
experimental instructions may yield a rate of learning so high that 
the addition of special incentives has little influence. This possibility 
is also implicit in Hull’s theoretical formulations (1943), and has 
received empirical support at the infrahuman level by the data of 
Amsel (1950). This condition may account for some of the instances 
in which shock has seemed to have no influence on the learning 
process.*§ 


rth considering but which 


part of the body to which the shock is ad- 
asured, and the individual charac- 
chanisms by means of which 


18 There are a number of variables which are wo 


need only to be listed, such as the 
ministered, the unit in which learning is me 
teristics of the subjects. For a discussion of the me: 
punishment may influence learning, see Chapter VII. 


to 
to 
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The Influence of Rivalry, Success and Failure, and Related 
Conditions upon the Learning Process 


Under the usual experimental conditions, subjects practice with- 
out specific formal information about either their own records or 
those of other subjects. By instruction and information, however, 
the experimenter may attempt to make his subjects compete either 
against their own previous records or against the scores of others. 
The control of such incentives cannot be rigid, but the influence of 
these conditions, even though unanalyzed and not rigidly controlled, 
is still important to know. 

The results shown in Table XII represent a comparison between 
learning when the members of two subgroups compete with each 


Taste XII 


INITIAL SCORES AND GAINS IN SUBSTITUTION AND READING UNDER 
THREE DIFFERENT INCENTIVE CONDITIONS 


(From Sims, J. educ. Psychol., 1925, 19. pp. 481 and 483) 


Substitution Reading 
Initial Per Cent Initial Per Cent 
Group Score Gain Score Gain 
Control 36.0 102.2 167.3 8.7 


Experimental 1 (Group rivalry) 36.1 109.9 167.5 14.5 
Experimental 2 (Indiv. rivalry) 36.2 157-7 167.7 34.7 


other (Experimental group 1) and when matched pairs of subjects 
compete with each other (Experimental group 2). In both cases 
the scores of competitors were known. All groups have large gains 
in substitution, but the competition between matched pairs yields 
the largest gain. Group rivalry is only a little more effective than the 
control condition. The gains in rate of reading are smaller, but the 
direction of the differences is the same. Either form of rivalry is 
superior to the control, but individual competition is superior to 
group competition (cf. Maller, 1929). 

In a number of experiments, stimuli to rivalry have been found 
to yield faster learning than do the control conditions (Hurlock, 
1927; Zubin, 1932). One should not conclude, however, that such 
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stimuli always and uniformly accelerate learning. They could almost 
certainly be employed in amounts and along dimensions which 
would not accelerate learning or which might actually retard it.1° 
When the experimenter gives controlled information regarding 
the relative status of the learner with respect to his competitors 
(either by falsifying the learner’s score or the competitor's score, or 


both), we have an experimental situation in which success and 


failure can be controlled. Using such a method Sears (1937) demon- 
strated that experienced failure caused both an impairment of the 
which the failed task was performed and also caused 


efficiency with 
ask which immediately fol- 


a transfer of impairment to another t 
lowed. Similar results, as concern immediate performance, have 


been obtained by Russell and Farber (1948). They found that 


experimentally produced failure resulted in a decrement of per- 
formance on immediate tests of retention. When, however, retention 


was tested a week following learning a reversal of these results was 
obtained. That is, the failure group showed superiority to a success 


group which had exhibited superiority initially. It is possible that 
these results are continuous with those which seem to indicate that 
retention of material learned under “ego-orientation” is better than 
the retention of material learned under “task-orientation” (cf. 


Shaw, 1944; Shaw and Spooner, 1945; and Alper, 1946, 1948).2° 


The Effects of Instruction and Set 


rning contain frequent observations upon 


The early papers on lea 
the importance of “attention,” “the will to learn,” and other concepts 


belonging to the class of set and motive. Although these observa- 


19 An experiment by McKinney (1933) is a case in point. His conditions are 
not labeled “rivalry,” but they might be construed as belonging in that class. 
Their influence was in the direction of retardation of learning. 

20 The relationship between rivalry, success and failure, level of aspiration, 
ego-involvement, and praise and reproof, is a close one. It is probable that the 
common mechanisms of excitement, frustration, and anxiety underlie this rela- 
tionship. The reader would do well to consult the reviews of the work on level 
of aspiration by Rotter (1942) and by Lewin, Dembo, Festinger, and Sears 
(1944) and the works of Allport (1943), and Sherif and Cantril (1947) on the 


relation of ego-involvement to learning. 
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tions were casually made and anecdotal, they led to the same con- 
clusion to which experimental work has later brought us. A case in 
point is the incident described by Radossawljevitch (1907) of the 
subject who, because of his imperfect German, failed to compre- 
hend the instructions in an experiment on verbal learning. The sub- 
ject sat before a memory drum and read aloud a series of eight 
syllables time after time, but at the forty-sixth repetition he had 
not yet signaled that he had mastered the list. At that point, 
Radossawljevitch stopped the apparatus and asked if he could recite 
the series. “What! Am I to learn the syllables by heart?” was the 
reply. He could not recite them and required six more repetitions 
before he could. He had been observing and repeating the syllables, 
but, lacking an understanding of the instructions to learn, he had 
not learned them. The repetitions had probably had some effect, but 
not nearly so much as would be expected from 46 trials with a set 
to learn. 

A similar instance is described by Sanford (1917), who had read 
the Order for Daily Morning Prayer provided by the Episcopal 
Church at least 5000 times in 25 years, usually at 24-hour intervals 
and often for many weeks in succession, yet was unable to recall 
the prayers unaided. At a recall test, 44 promptings were needed 
for the recall of a prayer of 124 words, and 27 for the recall of an- 
other having 158 words. Analogous cases will occur to anyone. An 
instructor who calls his class roll may read it three times a week 
for a semester, yet, despite this amount and distribution of practice, 
may be unable to recite three consecutive names without the book. 
One may observe and repeat the license number of one’s automobile 
many times in a year, yet never learn it, and so on. 

The conclusion to which these observations lead—that instruction 
and set to learn are much more effective for learning than is the 
set merely to observe—is amply supported by experimental evidence. 
Poppelreuter (1912) reports the learning of a list of 12 syllables in 
12 readings with the instruction to learn, while with an attitude 
merely of attentive observation more than 50 readings were re- 
quired. A large difference between the influences of the two sets 
also appeared when the method of paired-associates was used. 
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When subjects sort materials according to certain designated char- 
acteristics, learning is greater when the sorting is with intent to 
memorize the materials than without it (Mulhall, 1915). Forms and 
colors observed under instruction to assume a passive attitude are 
learned less well than when observed under instruction to learn 
(Wohlgemuth, 1915). Maso (1929), for example, gave subjects 12 
pictures of objects and 12 cards carrying the names of the objects 
but in a mixed-up order with reference to the pictures, and in- 
structed them to match the pictures and the names. The control 
subjects were given the already matched pictures and names and 
were told to examine them attentively. In this case, as in other sim- 


ilar experi active classification of, or search for, the materials 
periments, ac 


used favored learning more than passive observation or study with- 


out active search. 
It was observed earl 
structions and sets exercised 


ject’s learning. Meumann (1912) has m 
is told to learn a list in trochaic rhythm and assumes that the learn- 


ing will be tested by the method of right associates, he sets himself 
to learn the unaccented syllables. When tested for learning of the 
accented syllables, he may show very little evidence of having 
learned them. 
Similarly, Woodworth (1915) read a list of twenty pairs of un- 
related words to adults, instructing them to learn so that the second 
member could be recalled when the first was given as a stimulus. 
After three repetitions of the list, the subjects were tested in this 
way, but they were also tested by being given the second word of 


a pair and asked to give the first word of the following pair. The 
ere instructed to learn, were re- 


the first member of the next 


y in the work on learning that specific in- 
a very specific influence on the sub- 
ade much of this. If a subject 


second members, which they w 
called in 74 per cent of the cases, but 
pair, which they had not been specifically instructed to learn, gave 
only a corresponding 7 per cent.?! The subjects reported, as one 


would expect, that they had tried to connect the members of each 
lar to the work which Thorndike (1931, 
Chapter VIII), and it is 


?1 This work is operationally simi 
because the form of the 


1932) has conducted on the factor of belonging (see 
apparent that belonging may exert its influence mainly 
material arouses a set to learn the material in a particular way. 
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pair and had neglected the sequence of the pairs as being un- 
important. The first member of the successive pairs had been pre- 
sented after the second member of the preceding pairs as often as 
the two members of a single pair had been presented together, but 
this frequency without a set to learn had brought very little learn- 
ing. This is a fact which is of importance for the problems of in- 
cidental learning and of frequency as a condition of learning. 

Formation of conditioned responses has been shown to be 
delicately and frequently susceptible to the influence of set. Con- 
ditioning of human salivary responses which, without control of 
set, may be irregular and variable becomes much more regular and 
constant when the subjects are under instruction to connect the 
two stimuli or when they are occupied during conditioning by the 
performance of a manual task. Instructions of other sorts have also 
been shown to be effective (Razran, 1935, 1936). Further, when 
subjects are instructed to assume an expectant attitude and await 
the stimulus, formation of conditioned eyelid responses is more 
frequent and more stable than when the instruction is to adopt a 
passive attitude (Grant, 1939). In many such ways, instructions 
influence the rate and other characteristics of conditioning, and the 
variable of instruction and set becomes an important one in the 
conditioning of human subjects.** The implications of the results in 
this field parallel and corroborate those of the classical learning ex- 
periments. 

The set of the subject not only directs him toward an attack upon 
a rational problem; it also determines to a considerable extent what 
prior knowledge he shall bring to bear on it (transfer of training) 
and how he shall attack it. The classical data on set as a condition of 
what is recalled in association experiments, where the set to give 4 
word of a particular class (an opposite, for example) acts as a 
selective device, are well known. Almost as well known is the fact 
of the directional character of thinking (Pratt, 1928; Gibson and 
McGarvey, 1937). The course of thought is a function of sets 


mA bibliographical introduction to the work on set and conditioning will be 
found in the papers by Razran (1935, 1936), Mowrer (1938), and Grant 
(1939). Hilgard and Marquis (1940) give both bibliography and a discussion 
of the experimental results. 
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which arise from instructions, whether formal ones, the less formal 
ones stimulated by the material itself, or those given by the subject 
to himself. 
a set engendered by the problem situation is 


The influence of 
illustrated by the work of Woodworth and Sells (1935) and Sells 
which is meant the set to 


(1936) on the “atmosphere effect,” by v 
complete a task with the one of several solutions which is most 
in line with the general trend of the problem. An example would 
be the case where, in examining a syllogism, a negative premise 
arouses a negative set or atmosphere. The results demonstrate that 
this “atmosphere effect” is a powerful determiner of the subject’s 
conclusion and that the brighter subjects are more susceptible to it 


than are the duller ones. ‘ 
The influence of set in practically all kinds of problem solution 


must be very great. It has been shown, for example, that if a num- 
ber of problems are successively solved by the same method, solu- 
tion of a new problem involving a different method becomes more 
difficult in the sense that it is less likely to occur (Luchins, 1942).** 


s such as the maze, it may direct the 


In perceptual-motor problem 
ay be a determiner 


subject's mode of attack; in puzzle-solution it m 
of his attempted solutions and of their order of trial; in Umweg 
problems it may direct him toward or away from orientation toward 


the detour which will solve the problem; and in all sorts of rela- 
tional problems it may lead him to look for and adopt certain rela- 


tions as the crucial ones whether they are or not. In all of these 
cases it is probable that set acts to a great extent by selecting what 
all transfer to the present problem. 
The data which have been cited, and many others, 
conclusion that an active set to learn, with its accompanying selec- 
tive process and active response to the material practiced, is a 
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powerful determiner of learning, whether the learning be the fixa- 
tion of a verbal series, the establishment of a conditioned response, 
or the discovery and fixation of the solutions of perceptual-motor 
and rational problems. The set may be established by formal in- 
structions or may arise from the experimental situation and the 
subject’s own reaction systems. 


Experimentally Induced Muscular Tension 


The first systematic study of this problem was published by 
Bills (1927). His subjects learned lists of nine nonsense syllables 
by the anticipation method, at the same time maintaining continu- 
ously with each hand a fairly comfortable degree of pressure on 


REPETITIONS PER LIST 


I 2 3 4 5 6 7 8 9 10 
LISTS LEARNED 


Fic. 27. Practice Curves UNDER NORMAL AND ĪNDUCED TENSION 
(From Bills, Amer. J. Psychol., 1927, 38, p. 235) 


the handles of a spring dynamometer. Under a control condition, 
the same subjects learned similar lists but without pressure on the 
dynamometers. Mean repetitions per list, plotted against the serial 
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order of the list in practice (Fig. 27), show the condition of induced 
tension to be superior after the second list. That the facilitation 
from tension is not gained at the expense of other customary meas- 
ures of learning is shown by the fact that tension is also accompanied 
by a larger overlearning score and by a higher recall and savings 
score after three hours. The facilitative influence of induced ten- 
sion was demonstrated also in a second experiment with paired as- 
sociate learning. The amount of the difference between the tension 
and the control conditions varies from subject to subject and from 
material to material, but the trend is toward faster learning under 
induced tension. This trend has been corroborated by other ex- 
periments, to some of which we shall refer when discussing the 
conditions of which the influence of tension is a function. 

Stroud (1931) has shown that the facilitative effect of tension 
appears also in maze learning. His subjects learned two mazes in a 
counterbalanced order, one in the usual manner and the other while 
holding a weight with a static pull of fourteen pounds against a 
pulley. The subject sat upright and exerted the pull at right angles 
to his body, thus inducing tenseness in a large number of skeletal 
muscles. Simultaneously, he traced the maze with a pressure stylus 
having a piston device for recording downward pressure. The more 
difficult of the two mazes was learned more readily under tension, 
as was also the easier when the scoring was in terms of time and 
errors, 

The effects of muscular tension may also be studied by assessing 
the amount of muscular tension which is spontaneously induced 
during learning, that is, when no special tension-inducing conditions 
are introduced. The relation of different degrees of such “normal 
tension to rate of learning could be studied in Stroud’s control 
condition, where the subjects traced the maze with a pressure 
stylus, but without induced tension. When the learning records of a 
group showing the greatest degrees of tension are compared with 
those of the group showing the lowest degrees (Table XIII), similar 
results are obtained. Tension, whether induced experimentally or 
not, is positively correlated with rate of learning. This is true, also, 


in mirror tracing where, parallel with electric shock for errors 
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(which increased rate of learning) went an increased tension in the 
inactive hand (McTeer, 1933). 


Taste XIII 


Data SHow1nc RELATIONS BETWEEN TENSION AND RATE 
or MAZE LEARNING 
(Modified from Stroud, J. exp. Psychol., 1931, 14, p. 622) 


Maze Tension Group Time (Sec.) Errors Trials 
Harder Upper half 222 8.3 8.5 
Harder Lower half 485 33.0 12.1 
Easier Upper half 2426 321.0 40.9 
Easier Lower half 2916 527.0 48.9 


The experimental results cited are characteristic of a number 
which have shown a positive relation between tension and rate 
of learning, but these results mean only that certain amounts of 
tension measured in certain muscles accompany faster learning 
under a given set of conditions. It would certainly be dangerous to 
conclude that increased tension always accompanies or produces 
faster learning under all conditions. Although the conditions de- 
termining the relations between these two classes of variables have 
not been thoroughly explored, there are a few of them about which 
enough is known to merit discussion.** 

The effects of differing amounts of tension may vary widely 
under both normal and experimental conditions. On the basis of his 
own results and against the background of earlier work, Stauffacher 
(1937) formulated the hypothesis that there is an amount of tension 
which is optimal for the learning of a given activity, and that 
amounts of tension above and below this level are accompanied by 
slower rates of learning. This has been carefully tested by Courts 
(1939), using varying degrees of pressure on a dynamometer to 
induce tension, measuring the tension by the amplitude of the 
knee-jerk, and measuring the learning by the total number of 


2+ For a thorough review of the literature to 1942, see Courts (1942a). 


Davis’ (1942) article on the measurement of muscular tension is also recom- 
mended. 
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letters (in consonant syllables) correctly anticipated during the 
four recitation trials. The results (Fig. 28) support the hypothesis 
just stated and demonstrate that the relation between tension and 
rate of learning is a function of the amount of the former. Everyday 
observation is, moreover, continuous with this hypothesis. With 
general muscular relaxation, an individual is relatively ineffective, 
if, indeed, sleep does not supervene, while with the high degrees 
of tension present when one “tries too hard,” for example, one is 
also ineffective. In the latter case, the supraoptimal degrees of 
tension may inhibit learning because they involve either a greater 
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aju 


amount of muscular contraction or a contraction of more muscles 
than can be directed satisfactorily into specific practice. In a later 
study, Courts (1942b) has demonstrated that the dynamogenic ef- 


fect of induced tension is dependent, not only on amount of tension, 


but also upon level of performance. 


A second condition is that of the muscle 
(1939) finds that for learning nonsense syllables there is a charac- 


teristic muscular activity which differs in spatial pattern and 
intensity from that present during multiplication and which, by 
implication, might be different from that obtained in other learning 


groups involved. Davis 
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tasks. In some cases, the increase in tension during motivated learn- 
ing may be confined to a few muscles. The muscle groups involved, 
the distribution and amount of tension, may be variables in the 
frequent instruction to golfers, baseball players, and other athletes 
to “relax.” Apparently, what is desired is such a distribution of ten- 
sion that the muscles directly required by the skill are at optimal 
degrees of tension, while the remainder of the musculature is not 
sufficiently contracted to produce inhibitory responses. 

Workers in this field have suggested that among the other con- 
ditions are the length of the practice period, the character and 
difficulty of the task, the measure of learning employed, and the in- 
terrelations of these variables among themselves and with the 
variables already cited. 

Since experimentally induced tension is correlated with increased 
rate of learning, it is legitimate to regard learning as the dependent 
variable and to ask how it is influenced by tension. One reasonable 
interpretation is that tension operates by way of neural facilitation 
and inhibition. Increased muscular tension, however produced, 
must send to the central nervous system volleys of proprioceptive 
impulses. These impulses may converge upon the final common 
paths activated by the dominant stimuli and may summate to re- 
inforce the responses to these stimuli; or these irradiating impulses 
may lower the thresholds of excitability and make conduction more 
ready in centers reached by impulses from the dominant stimuli. 
On the hypothesis of neural facilitation and inhibition it can be 
understood that tension in muscle groups remote from those directly 
concerned in the practice may facilitate learning (cf. Freeman, 
1934). It likewise makes understandable the fact that tension great 
enough to produce high excitability and diffuse discharge to muscle 
groups involved in either related or competing responses should 
interfere with delicate coordination, or, if very great, with even 
the more gross coordinations. Therefore, it incorporates the fact 
that experimentally induced tension may facilitate at first and that 
supraoptimal amounts of tension inhibit. The h i i 
no i than an indication of one possibility. aati 


Closely related to this hypothesis is Block’s (1936) suggestion 
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that increased tension may facilitate learning by making the mate- 
rial more “vivid,” an influence which might be exercised by way 
of a richer context of proprioceptive stimulation. Continuous with 
this is Guthrie's (1935) view that set consists of a group of main- 
taining stimuli, primarily proprioceptive, which dominate the indi- 
vidual’s behavior. This view implies that set is muscular tension in 


readiness for response in a particular direction. 
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THE LAW OF EFFECT 


INTRODUCTION 


THAT responses are learned as a function of their consequences is 
one of the most apparent facts of learning. Both in the realm of 
the practical control of behavior and in the laboratory investiga- 
tions of human and animal learning, the administration of rewards 
(as well as punishments, knowledge of results, etc.) is a widely used 
technique. As an empirical fact, then, there is not a great deal of 
dispute concerning the law of effect. The use of effect as a theoreti- 
ever, another matter. 

The Empirical Law of Effect * may be stated in different ways 
depending upon the aspects one wishes to emphasize. Effect means, 
throughout, what happens following the act in question, usually 
what happens within a very few seconds after it. The general rela- 
tionship between fixation and effect is contained in Statement I, 
that acts are fixated and eliminated as functions of their effects. 
This is a statement that acts leading to certain kinds of effects are 
fixated or learned, while acts leading to other effects remain un- 
changed or are eliminated. Stated in this way, the law of effect suf- 
fers from overgenerality and from circularity in the sense that the 
effects which fixate and the effects which eliminate are unspecified 
except in terms of learning. If it is possible to specify the conse- 
quences which lead to fixation or elimination independently of the 
learning situation, the vagueness will be reduced and the implied 


cal principle is, how 


t” has been proposed by Carr (1938) for 
food and shock determine what acts 
“empirical law” is particularly apt in 
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I in the text is similar to 
imination are explained in 


1 The name “empirical law of effec 
the observed facts that such conditions as 
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circularity will vanish. A number of such specifications have been 
attempted, the best known, perhaps, being that of Thorndike (1931). 
This specification is made in Statement II: Acts followed by a state 
of affairs which the individual does not avoid, and which he often 
tries to preserve or attain, are selected and fixated, while acts fol- 
lowed by states of affairs which the individual avoids or attempts 
to change are eliminated.? Other things being equal, food (when 
one is hungry) and being told that one’s response has been “right” 
are states of affairs which the normal individual does not avoid but 
seeks to attain, while experiencing electric shock and being told 
that he is “wrong” are states of affairs which he avoids or tries to 
change. 

To go beyond this statement of the law of effect and to attempt 
to specify the conditions under which events are (or become) 
satisfiers and annoyers will be useful, particularly if we wish to 
specify a number of different mechanisms of effect. Such a state- 
ment will also contribute to an understanding of the general nature 
of effect. It will, however, depart from the purely empirical level, 
and, because of this, will unquestionably serve as a basis for theo- 
retical dispute. A number of conditions of an event’s being or be- 
coming a satisfier may be listed. 

1. An event may be considered to be a satisfier if it reduces the 
strength of some physiological or “primary” drive state of the organ- 
ism. That is, stimulus-response relations which are followed by a 
reduction of primary drive strength tend to be learned. The experi- 
ments which have demonstrated this empirical fact are far too 
numerous to be listed here and, in fact, include the majority of 
animal learning experiments. It will be noted that circularity is 
avoided because drives and drive reduction and the organism’s reac- 
tion to various primary-drive-reducing agents may be observed 


2 Thorndike uses this characterization as a definition of satisfiers and an- 
noyers, respectively, terms which have often been misunderstood b cone to 
mean subjective states, usually affective ones, but which are useftd terms if 
understood as defined. This usage has much in common with that em loyed by 
Carr (1925, 1930). Other definitions would include those which ae frankly 
hedonistic and those which are more biologically oriented. The riian r jiire- 
ment is that the nature of effect be independently defined. P oi 
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independently. Thus animals, by and large, do not avoid food when 
they have been starved, nor water when they have been deprived 
therefrom. On the contrary, they actively approach these incentives 


and resist being removed from them. 
Hull’s (1943) statement of the law of primary reinforcement 


represents a precise statement of this principle. 


“Whenever an effector activity occurs in temporal contiguity with the 
or the perseverative trace of such an impulse, resulting 
timulus energy upon a receptor, and this conjunc- 
d in time with the diminution in the receptor dis- 
ed, there will result an increment to the 
sequent occasions to evoke that reaction.” 
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our present state of knowledge.* 
2. A stimulus which, in the past, has consistently occurred in 


temporal contiguity with a primary reinforcement may also become 
a satisfier. This, of course, is a statement of the principle of sec- 


ondary reinforcement. Defined in this way, secondary reinforcement 
represents a learned form of reward. While its phenomena have 


not been investigated in great detail, it is clear that: 
a. Stimuli acquire secondary reinforcing properties by being as- 


sociated with primary reward (Wolfe, 1936; Cowles, 1937; Ellson, 
1937). 


3 The reader should consult Hull’s discussion of this point on page 81 of his 
(1943) book. The entire chapter (VI) on primary reinforcement will repay 
careful reading, as will, indeed, the entire book. Pee ners , 
1 Some interesting points may be raised in this connection: ( L) i : need is 
reduced, but if the afferent tracts mediating the relevant drive stimulation are 
blocked, will learning occur? (2) What differentiates drive stimulation from 
other stimulation? (3) Will y stimulus. intensity result in 
learning? (4) If so, is there strength which ma bs 
crossed before stimulus intensi as a reinforcement? (5) 
Are all sensory modalities equa 
Depending upon the nature 
possible to define primary reinfo 
(weighted) afferent impulses per 
Guthrie’s system about it. 


the reduction of an 
a threshold of stimulus 
ity reduction will serve 
Í in this respect? i AU 
of the answers to these questions, it might be 

he reduction in the number of 


rcement as t 
unit time. Such a conception has a flavor of 
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b. The secondary reinforcing properties of a stimulus are lost or 
extinguished if the stimulus in question is repeatedly presented 
without primary reinforcement (Grindley, 1929; Bugelski, 1938; 
Saltzman, 1949). 

c. A secondary reinforcing stimulus may reinforce responses in 
the absence of the drive upon the reduction of which it is based 
(Estes, 1949). 

d. Secondary reinforcement plays an important role in determin- 
ing a number of other learning phenomena (Denny, 1946; Perkins, 
1947; Spence, 1947; Grice, 1948; and Ehrenfreund, 1949). 

A number of interesting questions may be raised concerning the 
mode of operation of secondary reinforcements. Probably the most 
significant question concerns their fundamental nature; are they 
conditioned reductions of learned and unlearned drives, or do they 
represent a type of conditioned confirming reaction (Thorndike, 
1985b)? May they be identified with fractional anticipatory goal 
responses (Hull, 1930), or are these responses and their resulting 
stimuli merely carriers of secondary reinforcement? Other questions 
concern the occurrence of “higher orders” of reinforcement and the 
stimulus generalization of secondary reinforcing stimuli. 

3. The reduction in the intensity of a noxious stimulus may be 
considered as a satisfying state of affairs. The evidence that termina- 
tion or reduction of noxious stimulation leads to learning is quite 
extensive. The interpretation of this evidence, however, is not so 
sure. In animal learning experiments, escape training, and, to a 
certain extent, avoidance training illustrate the effect of termination 
of a noxious stimulus upon learning. In general, those acts which 
have preceded the termination of, for example, a shock tend to be 
learned. 

Perhaps the most important question to ask in connection with 
this type of reinforcement is this: Is the mechanism of reinforce- 
ment based upon the reduction of a noxious stimulus different from 
the mechanism of primary reinforcement discussed under item 1 
movel May not noxious stimulation be considered as a drive state, 
ae ee of which is satisfying? The acceptance of a theory of 

ry reinforcement based upon drive-stimulus reduction would 
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make the identification of these mechanisms a simple matter. This 
solution, it will be recognized, has been stated by Miller and Dollard 
(1941), Hull (1943), and Mowrer (1946), and offers an attractive 
and plausible simplification of reinforcement theory. 

4. Some learned responses are drive-producing. When an origi- 
nally neutral stimulus acquires, through a learning process, the 
capacity to evoke a response which, itself, gives rise to strong, per- 
sistent stimulation, we may speak of a learned or secondary drive. 
The reduction of such secondary drives may constitute satisfying 
or reinforcing states of affairs (cf. Thorndike, 1935). Concerning 
secondary drives, much remains to be learned. The work in this 
area has been chiefly concerned with learned fear or “anxiety.” Thus, 


an animal is shocked in the presence of a particular neutral stimu- 


lus and later shows a tendency to avoid that stimulus (Brown, 


1942a, b; Miller, 1944, 1948; Miller and Dollard, 1941; Kaufman 
and Miller, 1949; cf. also Guthrie, 1938). As such, the stimulus in 
as an annoyer. However, it is possible 


question becomes classified 
everse light, that avoidance or escape 


to consider the matter in the r 
from such a stimulus is a satisfying state of affairs." 

The evidence for this type of reinforcing mechanism is largely 
indirect, but is entirely sufficient to warrant the conclusion that the 


mechanism exists. Briefly, we may mention the work of Mowrer 


(1939) and his associates on the avoidance conditioned response. 
Miller (1948) has demonstrated that an instrumental act may be 
learned on the basis of reinforcement arising from escape from a 
feared situation. The work of May (1948) and Solomon and Wynne 
(1950) should also be mentioned in this connection. 

5. The possibility remains that some types of stimulation may 
exist which organisms approach, do not avoid, and may attempt to 
prolong, but which do not fit into the categories defined under 1 
and 2 above. The organisms, in a word, may have innate propen- 
sities for certain types of stimuli which are not need-reducing agents 

5 This question is a persistent one and will reappear when we consider the 
effects of punishment. In this latter case the question may be phrased, does 


punishment tend to eliminate or “unlearn” the responses which precede it, or 
is this effect due to the fact that escape from punishment (by doing something 


else) is rewarding? 
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and have not been established as secondary reinforcing stimuli (cf. 
Dollard and Miller, 1950). Sheffield and Roby (1950) have demon- 
strated that animals will learn to approach certain non-nutritious 
solutions of saccharin. Similarly, mild cutaneous stimulation, partic- 
ularly of erogenous zones, may fall under this classification. It 
may be questioned, on the basis of existing evidence, that such 
a reinforcing mechanism exists. It should, however, be considered 
as a definite possibility. 

Statement I of the empirical law of effect summarizes observa- 
tions showing that fixation and elimination are functions of the 
effects of the acts performed. Statement II goes beyond Statement 
I in that it characterizes, in a behavioral manner, the effects which 
lead to fixation as distinguished from those which do not. The 
breakdown of Statement II into five possible mechanisms of effect 
goes beyond empirical observation into the realm of theory. Because 
these statements are more explicit and specific than Statements I 
and II, they are more subject to correction in terms of future ex- 
perimentation. It is probable that many revisions of these mechan- 
isms will be required. Certainly, future experimentation of a quanti- 
tative nature will allow the valid ones of them to be more precisely 
stated.° 


CONDITIONS OF WHICH THE INFLUENCE OF AFTEREFFECTS 
IS A FUNCTION 


Amount of Reward 


If reward is influential at all in determining learning, then learn- 
ing must, of logical necessity, be some function of the amount of 
reward. When reward is of considerable magnitude, learning oc- 
curs. On the other hand, when reward is of zero magnitude, learn- 
ing ordinarily does not occur and, in the case of already established 
habits, extinction ensues. Between these extremes must lie some 
sort of a function. 

° Even more specific statements, such a itativ e 
(SA HED) die ken aai ek ake pe fee 


of theory construction, but suffer from the disadvanta 


vulnerable to experimental attack. (See Chapter II.) GF GE belies bien moe 
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The simplest conceptualization of this relationship is to hold that 
reward operates in an all-or-none fashion. This position has been 
taken by Thorndike (1933b). Under such a view, reward is con- 
ceived to operate through a “confirming reaction” or “OK reaction.” 
Variations in amount of reward are conceived to have little effect 
upon the learning process provided only that the reward is sufficient 
to elicit the confirming reaction. This view has recently been 
espoused by Hull (1950). Under these new postulates, Hull regards 
habit (sH,) to be a function of the number of reinforcements (N), 
the amount of reinforcement per trial being unimportant in this 
determination. 

A number of experiments exist, however, which show that per- 
formance increases as amount of reward increases (cf. Grindley, 
1929; Gantt, 1938; Crespi, 1942; and Zeaman, 1949). In order to 
reconcile these findings with the assumption that habit growth is 
not a regularly increasing function of amount of reinforcement, it 
is necessary to separate (as intervening variables) habit from per- 
formance and to hold that amount of reinforcement determines the 
latter rather than the former. This is what Hull has done. Perform- 
ance is held to be a multiplicative function of habit and a number 
of other factors, of which amount of reward is one. Thus, changes 


in amount of reward will cause variations in performance without 


changing the growth of habit. 
The alternative view (that amount of reward determines habit 


rather than performance level 
earlier treatment of reinforcement theory. 


) is made explicit in Hull's (1943) 


ation which is optimal in all other respects, the limit 
attainable with unlimited number of re- 
th function of the magnitude of the agent 


“In a learning situ 
(M’) of habit strength (sHp) 
inforcements is a positive grow 
employed in the reinforcement process.” 


ear. This probably results from the 
and types of reward which 
In human learn- 


The facts are not entirely cl 
different species, learning situations, 
have been used in the experiments on this problem. 
ing experiments the results appear to favor the view that reinforce- 
ment operates in an all-or-none fashion. Thorndike and Forlano 
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(1933) find an increasing rate of learning by boys aged ten to sixteen 
in a multiple choice experiment as the amount of money reward 
for correct responses increases from 0.1 cent to 0.4 cent each, but 
no further increase, and even a slight decrement, as the amount 
is increased from 0.4 cent to 0.8 cent. A similar experiment by Rock 
(1935), in which the amounts of aftereffect varied within the same 
series, found that the addition of varying amounts of money to the 
simple announcements of Right increased learning very slightly. In 
tossing balls over one’s shoulder at a target, announcement of Right 
was as effective as this announcement plus money rewards of vary- 
ing amounts. Ejisenson (1935) found that a reward of two cashable 
tokens leads to somewhat more learning than a reward of one 
token, though neither was as effective as the announcement of 
Right." Clearly, learning does not always increase with increasing 
amounts of reward, nor, when it does, is the increase in learning 
always proportional in a regular way to the amount of the reward. 

The result of animal experimentation may be interpreted to sup- 
port either view of this relationship. In general, there is an indica- 
tion that performance increases as a negatively accelerated function 
of amount of reward. Certain irregularities obtained in these ex- 
periments, however, suggest that learned factors in the reinforce- 
ment process are of considerable importance. For example, Wolfe 
and Kaplon (1941) found that when four one-quarter kernels of 
popcorn were given as a reward, more learning resulted than from 
the giving of a single, intact kernel. This result can no doubt be 
explained in terms of secondary reinforcement, the activities of the 
animal associated with the prehension and eating of food resulting 
in stimuli which have acquired secondary reinforcing properties. 
More difficult of explanation are the contrast effects obtained by 
Crespi (1942) and Zeaman (1949). In these cases, learning with 
a particular amount of reinforcement is carried on until the learn- 

7It should be noted that Wolfe (1936) found that chimpanzees showed 
signs of faster learning when rewarded with “high-value” tokens than when re- 
warded with “low-value” tokens. There is, of course, an obvious analogy be- 


tween the use of money and cashable tokens in human learning experiments 
and the use of token-rewards in studies of chimpanzee learning. 
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ing curve reaches its asymptote. The amount of reward is then 
changed. Performance increases or decreases depending upon 
whether the amount of reward has increased or decreased. The 
thange, however, is greater than one would predict on the basis 
bf the new level of reinforcement. This is schematized in Figure 
29. Crespi (1944) interprets this effect as meaning that variations 
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and to cause disproportionate increase in performance. Similarly, 


in amount of reward cause @ 
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decreases in amount of reward result in a lowered level of perform- 
ance through the mediation of “depression.” * 

Another problem in this general area concerns the probable inter- 
action between drive and reward. Thus, one would not expect 
rewards to be as efficacious in unmotivated as in motivated indi- 
viduals. Furthermore, there is no particular reason to believe that, 
as amount of motivation increases, the reward value of a given 
amount of relevant incentive will increase in a linear, or even in 
a regular, fashion. There are, however, great technical difficulties 
involved in studies of this interaction and no very good data exist 
in solution of this problem. 


Frequency of Reward 


Reinforcement theories are pretty well agreed that learning is 
a gradually increasing function of the number of reinforced trials. 
This assumption underlies the work of Thorndike and the formula- 
tions of Hull. Superficially, the facts of conditioning, instrumental 
learning, and more complex types of learning seem to bear this 
assumption out. Conditioned responses are typically strengthened 
by a series of reinforced practice trials while a series of unreinforced 
trials leads to extinction. Satisfying aftereffects following the same 
response on successive trials in a multiple choice problem situation 
are accompanied by progressive fixation of the rewarded response. 
(Thorndike, 1932, 1935; Lorge, 1938 b; Waits, 1937.) Under these 
experiments there is a cumulative influence of effect. Experiments 
on partial reinforcement, however, offer an obstacle to the naive 
acceptance of this viewpoint. In partial reinforcement experiments 
it has been noted that, if reinforced and unreinforced trials are 
interspersed during training, learning proceeds very much as if 
every trial had been reinforced. This effect was first noted by 
Pavlov (1927) who found that reinforcing every second or third 
trial was sufficient to produce learning. 


nae ene motive” and “habit” are used here in the sense of intervening 
variables. Under this conceptualization, Crespi’s hypothesi 

a > esis states f erT- 
formance rather than a law of learning. yp ne 
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There are several techniques for studying the partial reinforce- 
ment phenomenon. One method, developed by Skinner (1938), con- 
sists of giving reinforcements periodically in time rather than giving 
reinforcement following every response or following a fixed number 
of trials or responses. This technique is especially well adapted for 
use in self-pacing instrumental learning situations such as the 
Skinner box situation (see Chapter II). The general finding is 

“that, under this periodic reinforcement, rate of response increases 
the more frequently reinforcement is given. There tends to develop 
a constant number of responses per reinforcement, this index being 
known as the extinction-ratio. It may be assumed that the value of 
this ratio will depend upon such factors as the strength of drive, 
the amount and quality of the reinforcing agent, and the amount 
of physical work performed in making the learned response. 

A second, and related, method has been used by Skinner and 
others (cf. Jenkins, McFann, and Clayton, 1950). Under this proce- 
dure, known as aperiodic reinforcement, reinforcements are given 
at irregular time intervals throughout the learning process.° 

A third method of studying partial reinforcement is to use the 
method of Pavlov, that is, to reinforce a given proportion of trials 
or responses, regardless of how far apart these may be separated in 
time. In instrumental conditioning situations, the proportion of 
reinforced responses may be negligible. In fact, Skinner's (1938) 
results would indicate that learning may proceed with only 1/192 
of the responses being reinforced. Furthermore, it would appear 
that the rate of response rises as this fraction decreases.'° 

Not only may learning be quite efficient under the various types 
of partial reinforcement, but a number of investigators have reported 
results that indicate that extinction is slower following partial than 
cement may be seen in the 


” behavior. Here, no response 
rned. Instead, reinforcements 


° An interesting variation of aperiodic reinfo 
experiment of Skinner (1948) on “superstitious” 
is selected by the experimenter as the one to be lea 
are given at random intervals. Learning is manifested in a reduction in the 
variability of the learner's behavior. The animal tends to learn those responses 
which have preceded the reinforcement and to respond in these ways for a 


disproportionate amount of time. 
10 See also the experimental results of Brogden (1939), Brunswik (1939), 


Cole (1939), Humphreys (1939, 1940, 1943), and Jenkins and Rigby (1950). 
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following 100 per cent reinforcement. (Cf. Skinner, 1938; Hum- 
phreys, 1939 a, 1940; Jenkins and Rigby, 1950; Jenkins, McFann, 
and Clayton, 1950.)" 

These results present difficulties to the reinforcement theorist and 
there has been a general tendency to interpret them as favoring an 
“expectation” theory of learning.** There are, however, several hy- 
potheses which offer potential explanations of these data within the 
framework of stimulus-response-reinforcement theory. 

The paper by Mowrer and Jones (1945) contains a discussion 
of a suggestion made by Judson S. Brown. According to this view, 
one difficulty involved in an interpretation of the partial reinforce- 
ment effect is that it is difficult adequately to identify the learned 
response. In the lever-pressing situation, for example, it is customary 
to speak of each depression of the bar as a (or rather the) response. 
When reinforcement is given only on alternate bar depressions, 
however, there is some justification for thinking of the learned re- 
sponse as being two bar depressions, and for considering that this 
pattern of movements is learned as a single response or act. If rein- 
forcement is given only after fifty bar depressions, the animal may 
be learning the act of jiggling the bar rapidly for a period of time. 
Similarly, during extinction, the number of unreinforced trials should 
be counted as the number of unreinforced response units rather 
than as the number of bar depressions per se. Viewed in this way, 
the acquisition and extinction data of the partial reinforcement ex- 
periments do not appear to be so strikingly at variance with other 
learning data. The results of Mowrer and Jones (1945) offer support 
for this explanation. When measured by number of bar depressions, 
resistance to extinction decreased as an approximately linear func- 

11 That this may be true even when partial reinforcement has produced less 
learning than 100 per cent reinforcement is suggested by the results obtained 
by Finger (1942a, b). The operation of secondary reinforcement and other fac- 


tors make Finger’s results difficult to interpret, however. (Cf. Lawrence and 
Miller, 1947.) 

12 Humphreys (1939a, 1940, 1943) interprets his findings in this way. In his 
recent book, Hilgard (1948) also appears to regard this as evidence which 
favors the general viewpoint of Tolman. However, the apparent advantage of 
an expectation theory in this matter lies mainly in its vagueness and in the 
ex post facto nature of its predictions concerning expectancy, Sheffield (1949) 
has attacked the expectancy point of view on these grounds. 
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tion of the proportion of reinforced trials. Thus, extinction was 
slower following partial than following 100 per cent reinforcement. 
On the other hand, when resistance to extinction was measured by 
the number of response units (two pressings of the bar considered 
as a single response unit in the case of 50 per cent reinforcement), 
resistance to extinction increased as a function of the proportion 
of reinforced trials. This latter effect is probably due to the fact 
that more work is involved in making a response unit under partial 
than under 100 per cent reinforcement, the same relationship hold- 
ing true for extinction. 

A second type of explanation has been formulated in terms of the 
principle of secondary reinforcement. According to this view (Den- 
ny, 1946), stimuli associated with the correct response acquire sec- 
ondary reinforcing properties which serve to strengthen the making 
of that response when primary reinforcement is absent. Denny's 
results, obtained with rats in the T-maze situation, clearly indicate 
that the factor of secondary reinforcement can operate to produce 
the partial reinforcement effect. 

Hull (1941) and Miller and Dollard (1941) have proposed an 
additional explanation for the slower extinction rate following 
partial reinforcement. This hypothesis is based on the fact that, 
during learning under 100 per cent reinforcement, one of the cues 
associated with the correct response is the stimulus trace of the 
reinforcement given on the previous trial. During extinction, these 
cues are missing because no reinforcement has been given on the 
preceding trials. When learning is carried out under conditions of 
partial reinforcement, however, many of the correct responses are 
made in the absence of any cues resulting from previous reward. 
During extinction, then, the conditions of stimulation resemble those 
present during acquisition more closely than in the case of the 100 
per cent reinforcement group. Faster extinction following 100 per 
cent reinforcement thus occurs, owing to a relative failure of stimu- 
lus generalization to occur. One deduction which can be drawn on 
the basis of this hypothesis is that the relative advantage of partial 
reinforcement (with respect to resistance to extinction) should be 
greater under massed than under distributed practice during ac- 
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quisition. This is because spacing of trials would allow the stimulus 
traces from the previous trials to dissipate, hence this difference 
between partial and complete reinforcement would be negated. In- 
ferential support for this hypothesis may be obtained from a num- 
ber of experiments, but the definitive experiment by Sheffield (1949) 
clearly indicates the importance of this factor and gives powerful 
support to the Hull hypothesis. 

Whether or not these explanations will, singly or in combination, 
account for all of the partial reinforcement data cannot be stated at 
the present time. A great deal of additional experimentation is re- 
quired in this area. The explanations are promising, however, and 
are supported by a considerable amount of data. It would appear 
to be premature, on the basis of the present findings, to conclude 
that the partial reinforcement data can be accounted for only in 
terms of an expectancy principle. 


Delay of Reward ** 


Studies on the delay of reward have revealed the empirical fact 
that those responses which occur in close temporal contiguity to a 
reinforcing state of affairs tend to become more strongly learned 
than those which are more separated from the reinforcement in time. 
With infinite (or very long) delay of reward, extinction rather than 
learning occurs. There is implied, then, a gradient of delay of 
reward or a functional relationship between amount of learning 
and immediacy of reward. In most studies of this relationship, the 
experimenter has allowed the to-be-learned response to be made 
and has then administered reinforcement after a specified period of 
time. Thus, the gradient of delay which is usually studied is the 
backward one, that is, with the response preceding the reinforce- 
ment. On the other hand, the results of Muenzinger, Dove, and 
Bernstone (1937), Jenkins (1943a, b, c), Thompson and Dove (1943), 
and some of the results on the spread of effect would seem to 
indicate that the gradient of delay also exists in the other direc- 
tion, that is, with the reinforcement preceding the to-be-learned 


`? See also the section on Spread of Effect. 
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response. From the studies on delay of reward, certain general 
trends are apparent: the quantitative nature of the delay gradient 
has become specified with greater and greater precision, and the 
nature of the delay effect has become increasingly plain. As the 
understanding of the nature of the delay effect has grown, perhaps 
the study of the quantitative nature of the delay gradient has be- 
come somewhat less important. 

The pioneer study on delay of reward was conducted by Watson 
(1917). His study and the later one by Warden and Haas (1927) 
failed to reveal any differential effects of delayed vs. immediate 
reward. In both cases, however, the animals were prevented from 
eating for the period of delay in the presence of food.\* 

Later studies consistently noted the positive relationship between 
immediacy of reward and amount of learning. Furthermore, the 
general quantitative form of the relationship became increasingly 
clear: that amount of learning is a negatively accelerated decreasing 
function of the amount of delay.'* This was formalized by Hull 
(1932) in a statement of his well-known goal gradient hypothesis 
and has received extensive treatment in Hull’s Principles of Behav- 
ior (1943). 

When the earlier work on delay of reinforcement is compared 
with the later studies, it can be seen that there has been a trend 
toward finding shorter and shorter intervals of permissible delay. 
Thus Watson (1917) found a delay of thirty seconds to result in as 
much learning as immediate feeding and Warden and Haas (1927) 
found no appreciable decrement from delays up to five minutes in 
length. Later work, however, showed that the period of delay 
beyond which learning might be demonstrated is very much shorter 
than this. The reason for this difference in results is, undoubtedly, 
the fact that the earlier investigators did not control the factor of 
secondary reinforcement. Both Watson and Warden and Haas 


14 Other early studies on delay showed differential learning to result from 
delayed and immediate reward. These include studies by DeCamp (1920), 
Kuo (1922), White and Tolman (1923), and Sams and Tolman (1925). 

15 Some of these studies include Clements (1928), Hamilton (1929), Yoshi- 
oka (1929), Dennis (1935), Anderson (1932), Wolfe (1934), Grice (1943), 
Perin (1948a, b), and Thompson (1944). 
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delayed the animals in the feeding chamber. food being present but 
in a covered food dish. The presence of this food served to reinforce 
the correct response secondarily (cf. Thorndike, 1932). It is reason- 
able to suppose that secondary reinforcement also played a major 
role in other early experiments. Perin’s (1943a, b) results indicated 
that, when some of the secondary reinforcing cues were absent, the 
period of permissible delay for the white rat scarcely exceeds 
thirty seconds. (Cf. also Perkins, 1947.) 

In his 1943 treatment of this problem, Hull broke down the delay 
phenomenon into two parts. The first of these he termed the gradient 
of reinforcement after Miller and Miles (1935). This term he used 
to denote the relatively short gradient resulting from the later ex- 
perimental work, particularly that of Perin (1942a, b) which, he 
felt, was free from the complications introduced by secondary rein- 
forcement and, therefore, represented a basic characteristic of the 
organism. The longer gradient, which combines this gradient of 
reinforcement with the operation of secondary reinforcement, Hull 
continued to call the goal gradient. Spence (1947), in an extension 
of this general approach, proposed that all delayed reward learn- 
ing be considered as an effect of secondary reinforcement, and that 
there is no “primary” gradient of reinforcement. He also pointed 
out possible sources of secondary reinforcement in the Perin ex- 
periments which might account for the delay gradient which Perin 
obtained. Particularly, he noted that proprioceptive stimuli might 
acquire secondary reinforcing properties. In the definitive study of 
delay of reinforcement, Grice (1948) undertook further to reduce 
the possible differential effects of secondary reinforcing stimuli, 
including proprioceptive stimuli, which might acquire secondary 
reinforcing properties. That he was relatively successful in this may 
be seen in Figure 30, which compares the results obtained by Perin 
and Grice. It will be noted that the findings of Grice drastically 
reduce the amount of permissible delay. This result lends powerful 
support to Spence’s (1947) hypothesis. What little learning ac- 
companies delay in Grice’s experiment may probably be attributed 
to residual differential secondary reinforcement. 

This series of experiments culminating in Grice’s (1948) findings 
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makes it possible to interpret all delay of reinforcement learning in 
terms of the operation of secondary reinforcement. Since amount of 
secondary reinforcement may be manipulated independently of the 
temporal factor, much of the discussion of the shape of the goal 
gradient function, whether it is exponential or logarithmic in form, 
becomes futile. It is also worth noting that Spence (1947) and Grice 
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(1948) have demonstrated that the retroactive action of reward is 


not such a potent objection to reinforcement theory as it was once 


thought to be.*® 
Most of the work on amount, frequency, 


16 Postman’s recent review of the literature on the law of effect (1947) con- 
tains a discussion of these objections to reinforcement theory. It may also be 
noted, in passing, that in his recent set of postulates, Hull (1950) considers 
delay of reward to be a determiner of performance rather than of learning. 


and delay of reward 
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has been conducted with animals. Relevant information from human 
learning experiments on these matters is scanty. Furthermore, great 
difficulties confront investigators of these phenomena at the human 
level owing to the rich context of previous learning which the 
human subject brings to the experimental situation and because of 
the mediation of language. It should not be imagined that the find- 
ings of animal learning can be applied directly and without change 
to the control of human learning. On the other hand, it is im- 
probable that basically different mechanisms occur in human learn- 
ing. In fact, in the learning of very young children, in the learning 
of motor skills, and in the unverbalized learning of emotional habits 
it would not be surprising to find that these principles apply di- 
rectly.17 
Spread of Effect 


There is another empirical phenomenon of effect which Thorn- 
dike, who first announced it (1933a, c), regarded both as strong 
proof of the strengthening influence of satisfying aftereffects and as 
comprising important new knowledge concerning its mode of action. 
In characteristic experiments, Thorndike gave subjects a series of 
situations to which a number of responses were possible. Following 
each response, the experimenter could announce either Right or 
Wrong. In one such experiment, the subject was given a long list 
of stimulus words, one at a time, with the instruction to respond to 
each by saying any number between 1 and 10. Under these circum- 
stances, the experimenter can arbitrarily decide to reward the re- 
sponses to certain stimuli (regardless of the response made) and to 
punish responses to certain other stimuli. In this manner various 
patterns of rewarded and punished connections may be established. 
For example, the pattern WWWWRWWWW may be given. The 
general result was that the occurrence of Right as a consequence of 
a response not only strengthened the association it followed, but 
also, and to a smaller degree, it strengthened the wrong associations 
which preceded and followed the rewarded responses. This result 


17 Dollard and Miller in their new book, Personality and Psychotherapy 
(1950), should be consulted in this connection. i x ERN 
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may be represented by the double gradient shown in Figure 31. 
The phenomenon is known as the spread of effect. 
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Fic. 31. THE SPREAD oF EFFECT 
(From Thorndike, An experimental study of rewards, p. 55) 


This phenomenon has been noted by other experimenters (cf. H. 
Brandt, 1935; Muenzinger and Dove, 1937; Farber, 1941). As it 
has been observed, spread seems to be limited to a few steps or 
discrete associations on either side of the rewarded response. The 
number of such steps appears to be more important for fixation 
than the time intervening between the rewarded response and the 
punished ones on either side, although the time intervals which have 
been used have been relatively short (as from two seconds to twelve 
seconds). Neighboring responses which are neither rewarded nor 
punished (that is, after which no consequence appears) are 
strengthened by spread of effect at least as much as are punished 
ones (cf. also Thorndike, 1934). Spread may occur when the satisfy- 
ing aftereffect is not specifically relevant to, or does not belong to, 
the response it follows (Thorndike and Lorge, 1935). Moreover, it 
seems not to be a gradient of uncertainty such as might occur if the 
subject but vaguely recalled the place at which the word Right had 
been spoken and tried to repeat his responses in that part of the 
series (Muenzinger and Dove, 1937). 
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On the other hand, a number of recent experiments have cast 
some doubt upon the existence of the spread of effect phenomenon. 
This evidence has been of two kinds: a failure to obtain spread of 
effect, and an attempt to explain the spread phenomenon in terms 
other than strengthening-though-reinforcement. One criticism of 
Thorndike’s work is that he failed adequately to allow for the 
subject’s tendency to repeat certain responses regardless of rein- 
forcement. For example, the assumption that a subject will respond 
one-tenth of the time with a particular one of ten responses may Or 
may not be correct since the subject does not respond in the entirely 
random and independent fashion of tossed coins or rolled dice. 
Tilton’s (1939, 1945) work attempted to take this and other factors 
into consideration. His experiment fails to demonstrate spread of 
effect in the usual sense, although there is a suggestion that re- 
sponses preceding and following rewarded responses tend to be 
repeated more frequently than they would have been had the 
reward not been given to the adjacent response. 

Zirkle (1946a) has obtained results which indicate that spread 
of effect is not due to a strengthening of the stimulus response con- 
nections which lie adjacent to a rewarded response. This follows 
from his finding that when the order of the stimulus items is 
changed from trial to trial the spread of effect still appears in the 
appropriate serial positions, but not for the appropriate stimulus 
items.1® This finding indicates that the spread phenomenon may be 
located in the response series rather than in the series of stimulus- 
response connections. This indication is made more apparent by the 
results of Jenkins and Sheffield (1946) who found that the spread 
phenomenon is obtained only when the correct response is repeated. 
In explanation of their results, Jenkins and Sheffield offer what they 
term a guessing-sequence hypothesis. Reasoning from the results 
on spontaneous alternation (cf. Heathers, 1940) and results obtained 
by Goodfellow (1938), Skinner (1944; cf. Solomon, 1949), and 
others, they point out that if the subject repeats the correct response 


18 Zirkle interprets the tendency to repeat the rewarded connection as an 
example of the von Restorff effect and has obtained data which substantiate, to 
a degree, this hypothesis (1946b). 
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he has an increased tendency to make some other response to the 
immediately succeeding items. If the number of available responses 
is finite (as it is in the usual rational learning situation where the 
subject responds with a limited series of numbers) this tendency 
toward alternation reduces the number of available responses which 
can be made to the succeeding stimulus. As a result, there is an in- 
creased probability that the subject will respond with the previously 
given “incorrect” response.'® Such an explanation of the spread of 
effect phenomenon, obviously, depends upon a repetition of the 
previously reinforced response. The hypothesis is supported by the 
fact that the spread phenomenon occurs most frequently in cases 
where the correct response is repeated. It is also supported by the 
asymmetrical nature of the spread gradient, which typically shows 
a greater effect following than preceding the rewarded response.’° 
The guessing-sequence hypothesis has been elegantly stated by 
Smith (1949) in terms of probability theory. His experimental 
results and those of Sheffield (1949) show gradients resembling 
those of the spread phenomenon under conditions of no learning 
where, presumably, the Thorndike effect could not be found. 

It may be questioned, then, whether the spread of effect phenom- 
enon is not merely an artifact of the experimental methods em- 
ployed in studying it. This is by no means certain, although we 
must regard the existence of the phenomenon as suspect until such 
be demonstrated under circumstances where the ob- 


time as it may 
apply. It may well be that such a demonstration 


jections to it do not 


cannot be made. 
It has been stated that the existence of the spread of effect 


phenomenon is crucial to the theoretical position of Thorndike, 


19 Jenkins and Sheffield (1946) also note a tendency for successive responses 
to be chosen from the same general range of numbers, a tendency which would 


enhance the effects of alternation noted above. 

20 The theory has some difficulty in explaining why there should be any 
spread to the items preceding the rewarded response. Results obtained by 
Zirkle (1946b) as plotted by Hilgard (1948) show spread only to the suc- 
ceeding items. (Cf. Jenkins and Cunningham, 1949.) The asymmetrical gra- 
dient, it should be noted, can be interpreted in Thorndikian terms in view of 
the fact that the reward follows the correct response and, hence, is closer to 
the succeeding than to the preceding items in time. 


260 THE PSYCHOLOGY OF HUMAN LEARNING 


and, by implication, to reinforcement theory in general (Hilgard, 
1948). This is not necessarily true. It is still possible for reinforce- 
ment to strengthen specific connections (all experiments on the 
spread of effect phenomenon find that the rewarded response tends 
to be strengthened) even if this effect does not spread to adjacent 
items. We have already seen, in the case of the delay of reward 
studies, that the analogous delayed reward learning phenomenon 
may also be an artifact in the sense that it is produced by secondary 
reinforcement. None of the spread of effect studies, however, have 
been designed in such a way as to permit the differential operation 
of secondary reinforcement to any great degree. If a method could 
be devised for giving secondary reinforcement to the connections 
adjacent to the rewarded item, doubtless spread of effect could be 
obtained, although the significance of such a demonstration would 
be limited. As has already been noted, the absence of a “primary” 
gradient of reinforcement or of a “primary” spread of effect phenom- 
enon serves to negate one criticism, that of the retroactive operation 
of effect, which has often been made of reinforcement theory. 


Punishment 


Thorndike’s original statement of the law of effect (1911) held that 
rewards and punishments influence learning in opposite ways. Re- 
ward, following a stimulus-response connection, it was held, would 
promote learning. That is, given the situation again, that response 
would be more likely to occur. If punishment followed the stimulus- 
response connection, however, the opposite result was supposed to 
follow. Thus, reward caused learning and punishment caused un- 
learning. Later, however, Thorndike changed his position with re- 
spect to punishment (1932). In this latter statement of the law of 
effect, the general function of reward remained unchanged, but 
punishment was held to be followed by little, if any, unlearning. 
Thorndike and his associates have devoted a considerable amount of 
research to this problem. 

In a typical experiment, Thorndike (1932) asked subjects to guess 
which one of five English words gave the meaning of the Spanish 
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word at the left of the line. They did this repeatedly with 200 such 


lines as the following: 


Abedul: ameer... birch... couch... carry... punch 


If the word chosen and underlined was correct, the experimenter 
said Right; if it was incorrect, he said Wrong. It was then possible 
to discover the relative influence of the two different aftereffects by 
counting the number of times that a correct response was followed 
on the next trial by that correct response or by a wrong one, and 
the number of times that an incorrect one was followed by any 
other response or by the same wrong one. The results were cor- 
rected for the number of right and wrong responses to be expected 
by chance—that is, by subtracting 20 per cent from the obtained 
number of right responses and 80 per cent from the obtained total 
of wrong ones (or 20 per cent for each wrong one). If hearing 
Wrong spoken by the experimenter as an immediate consequence 
eliminates directly, the response it follows should be weakened, as 
is evidenced by a shift to some other response on the following trial, 
whereas if hearing Right fixates, the response it follows should be 
repeated on the next trial. 

The consequence, Right, is found to strengthen, as Thorndike’s 
other experiments would lead one to expect, but the consequence, 
Wrong, has little, if any, weakening influence. Indeed, Thorndike 
concludes that a response gains more in strength from occurring 
than it loses from being followed by the word, Wrong. As he was 
careful to point out, this does not mean that punishment does not 
influence learning, but only that it does not do so by directly or 
intrinsically weakening the “punished” response. This failure of 
Wrong (and certain other annoying aftereffects) to weaken the 
response it follows has been verified in somewhat different ways by 


a number of investigators.** 
The conclusion that, under the conditions of these experiments, 


21 Thorndike (1935b, 1947), Lorge and Thorndike (1933), Lorge (1933a, 
b), Tuckman (1933), Lorge, Eisenson, and Epstein (1934), Proshansky and 
Murphy (1942), Nuttin (1947a, b), and Stone (1948). Stone (1950) has 
recently published a cogent review of the literature on this subject. 
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annoying consequences are not the opposite of satisfying ones is of 
the first importance. The generality of this conclusion needs to be 
known. There is, first of all, the question of the legitimacy of assum- 
ing, in experiments such as the one with the five English meanings 
for each of a list of Spanish words, that by chance 20 per cent of 
the subject’s choices would fall on each possible word. If this 
assumption is invalid, Thorndike’s correction for chance is inade- 
quate. He has recognized this possibility and has argued from the 
evidence of his data that the correction is legitimate. Hull (1935b) 
contends, however, that the distribution of chance choices will not 
be equal, but that there will be a bunching on one or two. Experi- 
ments in which the influence of Right and Wrong is measured from 
the empirical base of actual repetition without informing after- 
effect, instead of from the chance base of an expected 20 per cent 
of each alternative, have yielded conflicting evidence. Stephens 
(1934a, b) and Tilton (1939) have obtained results which sup- 
posedly indicate the weakening effect of punishment when an 
empirical base is used. On the other hand, Stone (1948) has ob- 
tained results which fall in the Thorndikian tradition. Furthermore, 
there seems to be some doubts about the adequacy of the procedures 
employed by Stephens (1934a, b) and Tilton (1939). (Cf. Stephens 
and Baer, 1937, and Stone, 1950. ) 

Even if Thorndike’s findings are accepted as being methodologi- 
cally adequate, however, a difficulty remains. A great number of 
experiments have indicated that punishment (for errors) 


increase in the rate of learning. Indeed, a 
have indicated that non 


causes an 
number of investigations 
-specific punishment has a facilitating effect, 
and there is even some evidence to show that punishment for mak- 
ing the correct response may be facilitative.?? In fact, the results 
which have been obtained on the effects of punishment are so 


22 Far too many studies are concerned 
be reviewed here. 
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diverse and extensive that probably no general conclusions can be 
drawn on the basis of existing information. Part of this confusion 
lies in the use of the generic term, punishment, to describe a number 
of widely different states of affairs, all of which are unquestionably 
annoying under the general definition proposed by Thorndike. 
However, when a child touches the hot stove or when a rat crosses 
a charged grid, reactions may be observed which appear to be quite 
foreign to the behavior of the college sophomore who is told that 
his guess of an English equivalent has been Wrong. In general, 
it would appear that three general types of punishment have been 
used in learning situations. These are (1) painful stimulation, as by 
an electric shock, (2) frustration, as by delaying reinforcement or 
by making the task more effortful, and (3) the giving of informa- 
tion, as by saying “Wrong.” It is apparent that these types may 
overlap to some extent, as for example when an electric shock serves 
an informative function. On the other hand, there is no particularly 
good reason for thinking that these types of punishment all produce 
the same effects upon the learner or upon the learning process. 

In addition, it should be noted that a number of mechanisms 
exist (and are permitted to operate in many experiments) through 
which punishment may influence the learning process. These mecha- 
nisms may operate even though punishment does not have a direct 
weakening effect upon stimulus-response connections. Some of these 
mechanisms may be briefly noted. Other similar mechanisms are felt 
to be less important or less pervasive in their influence, and still 
others doubtless remain to be identified. 

(A) Motivation. The use of punishment may increase the general 
motivational level of the learner. This motivational effect should 
not operate differentially in the case of correct and incorrect re- 
sponses, but it should serve to enhance all learned performances and 
(at least, under the theoretical assumptions of Hull) should magnify 
differences in habit strength which may exist. Thus, a small differ- 


ence in habit strength between the correct and incorrect response 
hen drive is low. With a high 


may not be manifested in behavior w 
th the stronger habit 


motivational level, however, the response wi 
strength should tend to predominate. In addition, an increase in 
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motivation may serve to activate and sustain the general activity 
level of the learner and, thus, to make more probable the discovery 
of adequate ways of behaving. 

(B) Learning to do something else. When a response is punished, 
if the learner is allowed to terminate the punishment by doing 
something else, the latter response is likely to be learned. This is 
because escape from the punishment serves as a reinforcing state 
of affairs. For example, if in the maze situation, the learner enters 
a cul-de-sac where he receives a strong electric shock, and if the 
learner is allowed to terminate that shock by withdrawing, the 
rewarded act is that of leaving the blind alley. This response, upon 
being learned, may become anticipatory and eventually result in 
complete avoidance of the cul-de-sac. 

(C) Better stimulus reception. In many cases, the use of punish- 
ment places the learner in a conflict situation. Consider the experi- 
ments reported by Muenzinger (1934) and Muenzinger, Bernstone, 
and Richards (1938) wherein the learner (a rat) received electric 
shock immediately after choosing the correct side (the one baited 
with food) in a discrimination learning situation. The animal, after 
a few trials, is faced with an approach-avoidance conflict situation 
(hunger vs. fear). (Cf. Brown, 1942a, b, and Miller, 1944,) Under 
these conditions, hesitant behavior will be observed. During this 
period of hesitation, however, the relevant stimuli are present. 
Under these circumstances, the use of punishment may cause the 
learned better to receive the relevant cues. This effect of “caution” is 
discussed at some length by Muenzinger (1946) who, also, has 
obtained independent verification of this hypothesis. (Cf. Muen- 
zinger and Fletcher, 1937). 

(D) Learned avoidance due to fear-reduction. Use of painful 
stimulation as punishment results in the learning of a fear response 
(Miller and Dollard, 1941). This fear is elicited by stimuli which 
have accompanied the painful stimulation and is reduced by the 
removal of these stimuli. If an individual is punished for making a 
certain response, on subsequent occasions, the incidental stimuli 
associated with that response, including the initial stages of the 
response itself, arouse this learned fear. If the individual now 
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behaves in such a way as to remove himself from the fear-producing 
stimuli, this response will be reinforced by fear reduction and will, 
consequently, be learned (Miller, 1948). The learned response, in 
this case, however, is the one which reduces the fear, not the one 
which causes it. Thus, by this mechanism, punishment can cause 
the elimination of learned responses. There is, of course, no guaran- 
tee that the new response will be one which will be counted “right” 
by the experimenter, except that in most learning situations only 
a limited number of responses are available.” 

It will be noted that the operation of any one of these mechanisms 
could produce an important effect upon learning, yet no one of them 
runs counter to Thorndike’s (1932) hypothesis that punishment 
exerts no direct weakening efect upon the connection it follows. 
All of the mechanisms discussed here are based upon the assump- 
tion that “incorrect” responses may be, and often are, eliminated by 
a process of competition with other, stronger, responses. The first 
mechanism deals with the problem of competition of response 
directly, while the other three describe ways in which punishment 
may strengthen the correct or some other competing response at the 
expense of the incorrect response. This, of course, does not prove 
that Thorndike’s hypothesis is correct. It is offered in an attempt to 
give some basis for a reduction of the confusion which now exists 
in this field of study. It is also offered with a note of caution against 
the naïve acceptance or rejection of Thorndike’s hypothesis on the 
basis of results obtained in an area which is so filled with experi- 
mental complexities and theoretical possibilities. 


Information and Effect 


In many studies of human learning, information (knowledge of 
results ) has been the source of reinforcement. Such information may 
be inherent in the learning task itself, as when the subject observes 
the results of his own behavior in the pursuitmeter situation, or the 


23In “free” learning situations, of course, learned fear-reducing responses 
can be anything but “correct” in this sense, as witness the learning of many 
neurotic symptoms, which may be based on this type of reinforcing mechanism. 
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information may be given by the experimenter by means of some 
signal. Usually, information depends upon past experience and 
transfer of training, since the subject must be able to interpret the 
informative cues. The use of information also depends upon the 
subject’s motivation, at least to a certain extent. Thus, the learner 
must want to make the correct response before the informative 
signals of Right and Wrong can have much efficacy. 

Information can vary in degree of specificity or precision. In a 
repetition of one of Thorndike’s line-drawing experiments (1927), 
Trowbridge and Cason (1932) have found that learning increases 
with increasing precision of the information given. The subjects 
drew only three-inch lines, but drew them under four different con- 
ditions in a counterbalanced order.?* The conditions were: (1) the 
control, in which the experimenter said nothing after the drawing 
of each line; (2) a nonsense-syllable condition, in which the experi- 
menter spoke a different nonsense syllable when the subject had 
finished drawing each line; (3) a “right” and “wrong” condition, in 
which the experimenter announced Right or Wrong after each draw- 
ing (as Thorndike had done); and (4) an exact information condi- 
tion, in which the subject was told the amount and direction of his 
error. 

The major results may be seen in Table XIV. There is no learning 
under the control condition and none when a nonsense syllable is 
spoken after each line. Announcement of Right or Wrong leads to 
a sharp reduction of error, but exact information about the amount 
and direction of errors both minimized them early in practice and 
reduced them as practice went on. The percentages of correct re- 


sponses (not given in the table) for the four conditions are: control, 
13.6; nonsense-syllable, 5.1; Ri 


learning, 


This is the usual result. Without information, little or no learnin 


8 
?* The use of a counterbalancin: i i is si 
sah a g technique in this ion i 
legitimate. See the discussion of this in Chapter I: i pee ae 
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results. On the other hand, when information of results is given, 
learning occurs and becomes more efficient over wide limits as the 
precision of the useful information increases. The more exact the 
information, the more exact can the standard become and the more 
precise may be the selection among responses. It may be questioned 
whether all information about the results of an act can be excluded 
from a subject as complexly motivated as the human being. Infor- 
mation concerning the relation of an act to the experimenter’s 
standard can be excluded, but the subject may still obtain some 
information about the relation of the act to a standard of his own. 
In estimating the lengths of strips of paper without information 
from the experimenter, he may form an opinion about the accuracy 


Taste XIV 


Averace Errors 1N Units or ¥% Inch Waen Eacu CONDITION 
APPEARED IN THE INITIAL POSITION OF THE PRACTICE ORDER 


(From Trowbridge and Cason, J. gen. Psychol., 1932, 7, p. 253) 


Groups of Condition Exact 
Trials Control Nonsense Right-Wrong Information 
First 30 5.97 8.87 7:33 1.93 
Middle 40 6.85 8.57 5.35 1.12 
Last 30 6.40 8.43, 3.90 97 


of his estimate, which then functions as if it were information. In 
drawing lines he has kinaesthesis, on the basis of which he can 
estimate the relation of the line drawn to his own conceptual stand- 
ard of the length of line he tried to draw. Some of Thorndike’s 
(1932) results on line-drawing without formal information of results 
show an approach to a stable value which presumably represented 
the subject's own standard which he approached with the aid of 
informal information available to him (cf. Seashore and Bavelas, 
1941), 

Information concerning the relations between the results of an 
act and some standard which the subject is motivated to attain 
may be regarded as synonymous with effect. Announcement of 
Right by the experimenter, or any stimulus which informs the sub- 
ject that he has done what he was motivated to do—to hit the target, 
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to keep the stylus on the disk of the pursuitmeter, to anticipate the 
next word in the list correctly—is, at the same time, information and 
effect. Each is a consequence of response; each states for the sub- 
ject, however roughly, the degree of congruence between his moti- 
vating conditions and the results of his behavior. Each tells him, 
that is, to what extent the motives which led to the act, or any other 
motives functional at the time of the consequence, have been satis- 
fied. There seems to be no need to make a distinction between infor- 
mation and effect in the present context. 

The term, information, does not imply awareness by the subject 
of the relations between motive and consequence, or even of the 
nature of the consequence, or of what is being learned. He may be 
aware of one or more of these or he may not. It implies only a condi- 
tion of stimulation which fits, or is congruent with, the motives of 
the individual to some degree. 

In consideration of the fact that so many of the human educative 
procedures depend upon this form of reinforcement, it is unfortu- 
nate that there is not a greater amount of systematic data concerning 
the nature and functioning of information. The conclusion, derived 
from the general principles of learning, is that, for most efficient 
learning, knowledge of results should be administered as quickly 
and as specifically as possible.” It is probably this factor, more than 
any other, which makes individual instruction more effective than 
group instruction. Too often, students receive information concern- 
ing their performance only infrequently. Moreover, this information 
is often given in the manner of relatively unprecise letter or number 
grades. Learning will be most rapid under conditions where infor- 
mation is given frequently and specifically so that the student may 
identify his appropriate and inappropriate responses. Furthermore, 
it is important that the information which is given be relevant to 
some motive of the student. As Dollard and Miller (1950) have 
pointed out, many lower-class children do not profit greatly from 


c ar, instruction in a 
the fact that information concerning how 


given to him until several days after firing, 


ashion. It was not surprising that, under these 
learning occurred. 


23 One of the authors recalls that, during the recent w 
certain type of shooting suffered from 
well the student had shot was not 
and then only in an unprecise f 
circumstances, no demonstrable 
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ordinary school grading systems since they have not been trained 
to want to receive good grades. 


Learning without Awareness 


The law of effect does not require that the learner be aware of 
his motivation, the reinforcing states of affairs, or the responses he 
learns. These factors operate in a relatively automatic fashion with- 
out necessarily producing verbal accompaniments. If we use ability 
to report as a criterion of awareness, we may say that subjects may 
learn without awareness of any of these factors. (Cf. Freud, 1933; 
Guthrie, 1938; Dollard and Miller, 1950.) Learning without aware- 
ness is supported by many phenomena of the laboratory and of 
daily life. 

Subjects practicing a maze may enter blind alleys and later elim- 
inate them, for example, without being able to report that they have 
done so. Subjects learn successive lists of words faster, as a result 
of practice, without being able to report what methods they are 
using to enable the faster learning—methods which they have 
learned, nevertheless, during the learning of the words. In like man- 
ner, the operation of much transfer is unconscious, the subject being 
unable to report what is influencing the learning of a second activity 
in a given way, when experimental analysis reveals that it is the 
retained effects of an earlier learned activity. Similarly, clinical 
evidence points to the fact that many early experiences influence 
later behavior in a profound manner even though (or perhaps, 
because) the individual is unaware of this previous learning. In 
learning complex acts of skill, one is typically unaware of precisely 
what specific responses have been learned. A better golf or tennis 
stroke may be fixated without the individual's awareness of the 
detailed pattern of learned responses by which it has been exe- 
cuted.2° Conscious analysis often follows rather than precedes 
learning (cf. Perrin, 1921). 

26 One reason why it is more difficult to teach certain motor skills than it is 
to teach verbal skills is that we have no vocabulary to describe the component 


parts of the skill. Thus, the learner is unable accurately to report what he is 
doing, and the instructor is unable to tell him how his performance may be 
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Learning without knowledge of the specific characteristics of 
what is being learned—that is, without knowledge of the component 
acts in the total organization which produces the final desired result 
—is, in fact, so frequent a characteristic of learning as scarcely to 
need further proof. Additional evidence is furnished, however, by 
a number of Thorndike’s experiments (1932) in which the correct- 
ness of the response was a function of some feature utterly aside 
from the characteristics of the response itself. Thus, in an experi- 
ment on learning the correct meaning among five possible ones for 
a given word, the correct word appeared zero times in the first 
position at the left, ten times in the second, twenty in the third, 
thirty in the fourth, and forty in the last to the right. Would subjects 
trained on such series with appropriate announcements of Right 
and Wrong learn this pattern of correct responses and exhibit it on 
a later test, in spite of the fact that they were unaware of the exist- 
ence of the pattern during the training? Whether they had noticed 
the pattern was discovered by questioning, and conclusions were 
drawn only from the data of those who reported not having noticed 
that there was any relation between position and frequency of 
correctness. Those subjects who had been unaware of this relation 
had learned it nevertheless, as shown by the pattern of their re- 
sponses on a test. (Cf. also the similar studies of the conditioning 
of verbal expectations by Humphreys, 1939b.) That language pat- 
terns themselves may be learned without awareness of that learning 
is indicated by an experiment conducted by Greenspoon (reported 
in Dollard and Miller, 1950). Greenspoon interviewed subjects in 
either one of two ways. In one group, whenever the subject used a 


improved. We have words to describe certain overt acts, usually of a rather 
gross character. These words become attached to the appropriate behavior so 
that when the verbal cues are given, the response regularly follows. Thus a 
child may be taught some acts, such as to open an automobile door simply 
by saying once, “Pull back on the handle.” Since the child has already at- 
tached appropriate responses to the verbal cues “pull back” and “handle 4 
transfer of training operates to produce the new response immediately, On the 
other hand, there are no words to describe the pattern of muscular contrac- 
tions involved in throwing a baseball and many thousands of trials are required 
to learn this skill to even a mediocre level of proficiency. Once he has sred 


this skill, moreover, the child will b bl i 
bi oye eee m be unable to tell you how he does it, except 
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plural noun, the experimenter said “Mmm-hmm.” 27 In the other 
group of subjects, whenever a plural noun was used, the experi- 
menter remained silent. The results show an increase in the per- 
centage of plural nouns used by subjects in the first group but not 
by subjects in the second. The subjects who learned to say plural 
nouns were evidently unaware of the reinforcing function of 
“\fmm-hmm” and of the habit they had acquired. 

Other experiments support the same conclusion, that learning 
may occur when the subject is not aware of what he is learning or 
of the fact that reinforcement is acting upon his responses.” This 
conclusion is inferentially supported by the empirical operation of 
reinforcement in animal learning, where the existence of awareness 
is improbable. Learning in early infancy and the learning shown by 
vegetative aments also supports this conclusion. It is probable, how- 
ever, that over a wide range of conditions, rate of learning by human 
subjects is increased by knowledge of what is being learned and the 
consequences of the responses being made. This increase with 
awareness is most probably due to language-mediated transfer of 
training. 

The fact that learning can and does occur without awareness is 
important, however, in more general ways than the evidence directly 
states. In the light of it, incidental learning is easier to understand 
as being actually a function of motive and effect. The possible limita- 
tion on the generality of the law of effect, that subjects are very 
often unaware of their motives and therefore unaware whether they 


are satisfied by the consequences of behavior, is removed. It renders 


more readily understandable the learning of the manifold subtle 


attitudes, prejudices, mannerisms, and other responses of daily life 


27 “Mmm-hmm” evidently is a secondary reinforcing stimulus of a complex 
type as are many other symbols of social approval. It is interesting to speculate 
upon the nature of non-directive therapy (Rogers, 1942) in the light of Green- 


spoon’s results. 
28 Certain experiments summarized by Thorndike (1935b) have aroused 


criticism and have stimulated repetition. Cf. Irwin, Kaufman, Prior, and Weaver 
(1934), Irwin (1935), Thorndike ¿nd Rock (1935), and Herrick (1939). 
Where experimenters have failed to find learning without awareness in par- 
ticular situations, the fact stands, but does not demonstrate that such learning 


does not occur. 
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for which there is awareness neither of motivation nor of what is 
being learned. In like manner, it makes intelligible the acquisition 
of many behavior characteristics called abnormal, the motives to 
which are unreportable though readily inferable. 
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Vii 


THE ROLE OF FREQUENCY 


INTRODUCTION 


One of the few psychological principles which is ancient and 
revered enough to have become embedded in popular speech is the 
maxim that “practice makes perfect.” Like many another popular 
principle, this one is, at best, a half truth. It fails to specify the type 
of practice, the amount of practice, and the degree of perfection. 
It is apparent, from all that has been said in the preceding chapters, 
that there are different kinds of practice and that these are not all 
equally effective in producing improvements in performance. How- 
ever, it is true, over a wide range of conditions, that performance 
does improve with increasing practice or frequency of repetition. 
Frequency, in this context, refers to the number of trials or repeti- 
tions of learned act, and it is generally the variable against which 
improvement is plotted when learning curves are drawn. The word, 
frequency, necessarily implies a frequency of something—a specifi- 
able recurrence of an identifiable set of events. In the case of some 
learning materials, frequency is easily defined, as, for example, the 
number of repetitions of a list of nonsense syllables or the number 
of reinforced conditioning trials. On the other h 


and, in the case of 
some activities, such as pursuit-rotor learning, 


the division of prac- 
tice into segments or trials is more or less arbitrary. In this chapter, 
we shall examine some of the kinds of events which can occur 
together with greater or lesser frequency, and we shall attempt to 
show, in each case, the relationship between such frequency and 
performance. 


Frequency of a Stimulating Situation 


The first group of experiments to be described is one in which a 
stimulating situation is presented frequently with no 


attempt on the 
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part of the experimenter to control the response of the subject. The 
situation is one to which two or more different responses may be 
made. What influence will continued repetitions of this situation, 
with no knowledge of results or other effect given to the subject, 
have on the frequency of response? Concretely, let a three-choice 
situation be presented ten times and let the three possible responses 
or choices be elicited with frequencies of 6, 3, and 1. Will continued 
presentation of the situation tend to change the proportions of the 
three responses in some progressive way, or will it tend to leave 
them unaltered? 

Thorndike (1981, 1932) has devoted an extensive series of experi- 
ments to this question, giving the subject in each case no formal 
information concerning the adequacy of his responses. A few of the 
experiments will be briefly described. The number of records is high 
and need not be given. (a) The subject was presented with strips 
of paper varying in length by steps of a fourth of an inch from 
5 inches to 11 inches and was asked to estimate the length of each. 
(b) The subject, sitting with closed eyes, was presented with the 
instruction to draw a 2-inch line (or a 4-inch, 6-inch, or 8-inch line) 
with one quick shove of the pencil. (c) The experimenter read to 
the subject a long series of auditory stimuli at a constant rate, the 
subject being instructed to respond to each by writing any number 
between 1 and 9, or some one of other limited ranges of response. 
Sometimes certain situations were presented more frequently than 
others, sometimes not. In all, the relative frequencies of responses in 
the first 10 (or other number) could be compared with the relative 
frequencies in later 10’s and particularly in the last 10. 

The 28 experiments on this problem show that with repetition of 
a stimulating situation initially frequent responses do not gain at 
the expense of the initially less frequent. Frequency of a situation 
does not lead to learning when the responses to the situation are 
not followed by differential consequences. For that matter, why 
should an instruction, no matter how often given, lead to the selec- 
tion of a particular response thereto, if none of the responses is 
followed by a consequence which informs the subject whether the 
instruction had been successfully carried out? The experiments 
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show that no such selection occurs on the basis of frequency of the 
situation alone.? 

Changes did occur in the subject’s responses, although not such 
as would have been predicted on an hypothesis that frequency of 
a situation will lead to a further strengthening of the initially most 
frequent responses to it. With continued presentation of the stimu- 
lating situation, there was a tendency for the subjects’ responses to 
become stereotyped, but not in a way a frequency hypothesis would 
have predicted. There was a selection of response, presumably on 
the basis of self-instruction or of some informally induced set. Thus, 
subjects, presented with the first two or three letters of a word and 
asked to give a word beginning with those letters, tended to give an 
increasing number of short words where longer ones could have 
been given, as “elf” instead of “elephant” in response to the letters 
“el.” The increasing stereotypy of response may readily have been 
a function of motive and effect. The short words were easier to 
write and permitted the subject to finish the task quickly in the 
presence of others. Behavioral changes may still be instances of 
learning, although they are not in the direction of the experimenter’s 
criterion. Thus, in Thorndike’s line-drawing experiment, some sub- 
jects approached more and more closely to some other length than 
the one they had been instructed to draw, as to a line 5.01 inches 
long instead of to one 4 inches long (cf. H. Seashore and Bavelas, 
1941). The subject has his own standard of a 4-inch line and inevi- 
tably obtains some knowledge of results from the proprioceptive 
stimulation of drawing. Any progressive change may be interpreted 
as a function both of this knowledge of results and of possible 
changes in his standard. The subject’s response approaches the 
standard of correctness he has adopted. This standard and his esti- 


mation of how his responses relate to it are the important condi- 
tions, not the frequency of the situation. 


periments reported 
n different ways from 


d n : nd with certain of the 
r riments which are free from the difficulties 
and which support his interpretations. The net result is support of his conclu- 


of the experiments and an evaluation will be found in Mc- 


difficulties may be fou 
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Frequency of Situation and Response 


In the experiments just cited, the stimulating situation is re- 
peated by the experimenter, but the response is left to the subject, 
as in the case when one asks, “How are you this morning?” the 
rmined by the asker. Another experimental ap- 
with a series of paired terms—that 
erms are presented, not situation 


answer is undete 
proach is to present the subject 


is, both situation and response tı 
alone—but without instruction to learn and without formal knowl- 


edge of results, e.g., when one casually notices the state and license 
number of a passing car. The paired terms may be given any desired 
frequency, and the experimental problem is to discover if the 
frequency of the pairing fixates. 

The control conditions in experiments on set and learning. and 
the experiments on incidental learning are of this kind. We have 
seen that with a set only to observe, but not to learn, learning is 
even when frequency is high, and that at least some of 


very slow, 
s a function of informal sets. It is a 


the learning which does occur i 
reasonable hypothesis that all may be. 

In a study of the influence of frequency of situation and response, 
Thorndike (1931, 1932) has used a number of different experimen- 
the paired terms are temporally 


tal arrangements to insure that 
hem is free from the influence of 


contiguous and that response to t 
effect. The result is that a repeated sequence of items, with the 


hearer instructed to listen comfortably as he might to a lecture, 
produces little or no learning. 

One experiment leading to this conclusion employed a long list of 
word-number pairs, with certain pairs occurring relatively often and 
in certain sequences. In a series of 1304 pairs, four of them (dregs 
91, charade 17, swing 62, and antelope 35) appeared frequently and 
always so that dregs came just after 42, charade after 86, swing 
after 94, and antelope after 97. After hearing the list, the subjects 
were asked what numbers came just after certain words (dregs— 
what number?) and which words came just after certain numbers 
(42—what word?). The percentage of correct numbers given in 
response to the word member of the pair, when the paired word 
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and number had been repeated 19 or 21 times scattered through 
the whole series, was 37.5. The figure for recall of words, which as 
the first member of a pair had followed the number of the preceding 
pair 24 times during the series, was half of 1 per cent, an amount 
which could have been reached by guessing. 

The insignificant learning of the words which came next after the 
last member (number) of the preceding pair demonstrates the slight 
potency of combined contiguity and frequency, while the much 
greater learning of the second member of a pair in response to the 
first member of that pair illustrates the concept of belonging, which 
Thorndike has introduced. 

The extinction of conditioned responses provides another instance 
of repetition of a stimulating situation and a response to it, but 
one in which the frequency correlates positively with elimination 
of the response. In the usual conditioning experiment the condi- 
tioned stimulus is followed by the unconditioned stimulus, which is 
said to reinforce the conditioned response, and this action of re- 
inforcement is basic in all conditioning (Hull, 1934; Hilgard and 
Marquis, 1940). The food must follow the bell, the shock must 
follow the buzzer, the puff of air to the eyeball must follow the light 
shone in the eye. If, after a conditioned response has been estab- 
lished, the conditioned stimulus is frequently presented without the 
reinforcing unconditioned stimulus, the response will continue to 
appear at first, but quickly shows a decrement which proceeds until 
the conditioned response ceases to be elicited, or is extinguished. 
A decrement apparently analogous to extinction has been found by 
Peak and Deese (1937) in verbal learning. 

The chief condition of extinction is the withdrawal of reinforce- 
ment. During the extinction trials, the stimulating situation is fre- 
quent, and with it at first comes a repetition of the response, so that 
there is frequency of situation and response, but frequency with- 
out reinforcement. The result is at least a temporary elimination of 
the response. That it may later exhibit spontaneous recovery does 


not alter the fact that during extinction frequency without rein- 
forcement has led to elimination. 


THE ROLE OF FREQUENCY 283 
Frequency of Situation and Response with Belonging 


In the word-number pairs of the experiment by Thorndike on 
frequency of a stimulating situation and response, the word and 
number of a pair belong together in a way that the number of one 
pair and the word of the next do not. In like manner, the words of 
a sentence belong together in a way that the last word of one and 
the first word of the next do not; and within a sentence certain 
words belong together as other words do not. Subject and predicate, 
verb and adverb, adjective and noun, belong together far more than 
adjective and verb or adjective and adverb. When belongingness is 
added to repetition in Thorndike’s experiments, learning occurs, but 
it is slow. Where frequency alone is minimally effective or not at all, 
frequency plus belonging does, however, yield some fixation. 

Effect was kept at a minimum or at zero, as in an experiment 
where subjects copied long lists of numbers such as 218 97, some of 
which occurred more frequently than others, and were then tested 
by being asked to give the two-figure number in response to the 
three-figure number. The subjects thought that the experiment was 
on fatigue, not learning. Frequency with belonging and minimal 
satisfying aftereffect led to some fixation. 

Sentences like those cited below were read ten times to subjects 
who were instructed to listen with moderate attention as they would 


to a lecture. 


Alfred Dukes and his sister worked sadly. Edward Davis and his brother 
argued rarely. Francis Bragg and his cousin played hard, Barney Croft 
and his father watched earnestly. Lincoln Blake and his uncle listened 


gladly. 


ociation from the end of one sentence 


Questions which tested ass 
to the beginning of the next showed practically no learning. When 
tested in the forward direction, first and last names of persons 
while the subject- 


showed a considerable amount of learning, 
predicate terms showed still more. Other experiments permit the 
conclusion that learning tends to increase with degree of belong- 
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ingness, being very slight when belongingness is low and rising to 
a relatively high point when belongingness is very high. 

Strictly speaking, belongingness is belonging for an individual, 
but when one has reason to be sure that a given material has be- 
longingness for the sampling of individuals who learn it, one may 
speak of the belonging as a characteristic of the material without 
danger of misunderstanding. Most psychologists would probably 
agree that the illustrations given represent an important and dis- 
criminable characteristic of the materials. The last word of one 
sentence does not “go with” the first word of the next as much as 
with the words before that last word, and so on. But on the nature 
of the general concept belongingness there is no agreement. Thorn- 
dike’s experiments show that the variable he calls belonging does 
influence learning, where frequency without it does not; but what 
is the nature of belonging? 

Thorndike (1932, p. 72) says that it may be no more than a 
recognition that “this goes with that.” It need have “nothing logical, 
or essential, or inherent, or unifying in it.” It seems not to be mean- 
ing, inasmuch as apparently meaningful pairs like last 99 and foot 12 
are learned little, if at all, better than apparently neutral pairs. 

It is a reasonable hypothesis that belonging is a function of 
transfer in terms of general factors, particularly a set to note and 
react to certain kinds of events, or a general habit of regarding such 
events as going together. Consider the amount of training any 
human being, even a young one, has had in the structure of his own 
language. Subjects go with predicates, adverbs with verbs, last 
names with first ones. Sentences are closed units and lead on from 
each one to the next as from unit to unit, not as from one word to 
another. 

General habit and set cooperate closely and may often amount 
to the same thing in the context of both language and non-language 
responses. Human beings are habituated to taking certain kinds of 
instructions and sets from others and from the environment, to 
considering certain things as important and acceptable and relevant, 
and to neglecting other things and relations. They are often habitu- 
ated to noting and reacting to the recurrence of items in a series 
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which contains little repetition, and so on.? Many, if not all, of the 
instances of belonging in Thorndike’s experiments and in everyday 
life may be regarded as being a function of transfer. 

Why, on this view, does belonging lead to learning? In the same 
way that any positive transfer does; in the case of belonging, by 
causing the subject to react to certain kinds of relations and to fit 
them into already habitual patterns of response, which act as a 
mnemonic system. Degree of belongingness is then a function of the 
extent to which such transfer occurs, and ease of learning should 
be roughly in proportion to degree of belongingness. Associative 
generalization, as well as nonspecific transfer, may sometimes be 


involved. 

A minimum of satisfyin 
be sufficient for fixation when the tra 
minimal consequence or effect might be provided by the sheer 
operation of an already established habit or of a transferred set. 
The performance of well-formed modes of acting can in itself 
become a motivating condition, and the carrying out of the per- 
formance a satisfying consequence. The reading of a first and last 
name together, or a subject and a predicate, or both, has a certain 
belongingness and is more satisfying, right, and adequate than is 
reading the last word of one sentence and the first word of the next 


g consequence following a response may 
nsfer described is present. This 


in sequence. 
An alternative interpretation is that the transferred factors assim- 


ilate the new items without the influence of effect, that the habit 


of reacting to first and last names together is a general one to which 


a new first and last name are assimilated at once and fixated. On 
garded 


this view, transfer or associative generalization might be re 


the recall of repeated numbers from a list of 100 
te of one every two seconds, the subjects 
). That is, the subjects may have 


2 This may account for 
two-digit numbers read at the ral 
being instructed only to listen (Pratt, 1936 
thought, “There’s the same number again,” and doing this may have fixated 
some of the numbers which recurred between one and eleven times. The 
introduction of a set to discover whether one number was read oftener than 
another increases the recall of the repeated items, while a set to note all 
numbers containing zeros reduced the recall of recurrent items. The results 
may be interpreted as being a function of frequency of operation of a set, a 
transferred set in the case of no special instructions. 
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(a) as a fundamental condition of fixation, secondary to effect be- 
cause what transfers must have been learned as a function of effect 
in the first instance, but otherwise coordinate, or (b) as the appear- 
ance in a new situation of acts which had already been learned in 
similar situations in the past. 

The response to first and last names as belonging together is easy 
to understand as a function of an already formed habit, but how 
does this habit fixate these particular names under either (a) or 
(b)? Since this cannot be answered at present, and since the opera- 
tion of transfer plus minimal aftereffect will account for belonging 
with little difficulty, this seems the more acceptable view. 

Professor Thorndike might have said that this interpretation does 
not fit his interpretation of belongingness. Certainly, it hypothesizes 
the action of aftereffects to cooperate with belonging, which his 
interpretation does not. There are other possible interpretations. 
The one tentatively suggested here seems to the writers the most 
reasonable way of accounting for the influence of belonging, a way 
which has the advantage of explaining the phenomenon in terms 
of other and better-known facts. 

But why does belonging lead to no faster learning than it does 
in Thorndike’s experiments? Many of the experiments contained 
large opportunities for intraserial interference, so that learning 
which had occurred could easily have been inhibited by items inter- 
vening between it and the next presentation of the first learned ones 
(Thorndike, 1931, p. 27). Most of the series were long and the 
opportunities for interference correspondingly great. Since there 
was no formal instruction to learn the items, and since the rate of 
presentation was usually rapid, the transferred general factors must 
have operated casually and briefly. This, in conjunction with inter- 
ference, would account for the slow learning. 

Whatever belonging may be interpreted to mean, Thorndike’s 
experiments prove that frequency of certain kinds of terms is a 
positive determiner of fixation—that is, frequency of terms that seem 
to the experimenter, and probably to the subject, to go together or 
to belong together. If, as seems reasonable, we interpret belonging 
to be a function of transfer of general factors and of associative gen- 
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eralization plus at least minimal aftereffect, then the experiments 
show that frequency of materials to which there is transfer of gen- 


eral factors promotes fixation. 


Guided Frequency of Correct Responses 


The role of frequency in learning a perceptual-motor problem 


may be studied by guiding the subject through the correct responses 


a given number of times. This amounts to forcing the correct series 


of acts, or to giving forced frequency, in a situation which other- 
wise would be attacked by trial and error. With guidance the 


Jearner does not discover the solution independently, errors are 
prevented or minimized, and nothing seems left for the subject to 
do but to fixate the activity through which he is guided under 
instruction to try to profit from the guidance. Guidance in a trial- 
and-error problem thus provides forced frequency of the correct acts 
and sharply limits trial and error, often reducing it to zero, but 
motivation is probably less and the influence of its satisfaction 
smaller than when the subject is practicing independently. 

A large part of our information on guidance has come from a 
series of investigations by Carr and his students in which the chief 
instrument has been the stylus maze. The work up to 1980 has been 
summarized and interpreted by Carr (1930). The typical procedure 
is to introduce guidance for a certain number of trials at any desired 
region of practice and then to discontinue it, leaving the subject to 
practice by himself until the criterion is reached. The major modes 
of guidance will be summarized, and one typical investigation of 
each mode listed. (a) Mechanical guidance was accomplished in the 
maze by blocking the entrances to the cul-de-sacs so that, for any 
desired number of runs, the subject could traverse the true path only 
(Koch, 1923). (b) In manual guidance the experimenter grasped 
the stylus below the point at which it was held by the subject and 
guided the subject’s hand steadily and at a uniform rate over the 
true path from start to goal (Ludgate, 1923). (c) In one form of 
verbal guidance the experimenter told the subject what moves to 
make while traversing the maze, telling him to go straight ahead, 
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now to the right, and so on. In another form a signal was given 
when the subject started to make an error or different amounts of 
information were given about an error as soon as it was made 
(Wang, 1925). In still another the subjects were given varying 
amounts of information about the maze before practice began 
(Lambert and Ewert, 1932). Verbal guidance has also been applied 
to the solution of rational problems, the subjects being given vary- 
ing kinds of information designed to aid solution (Waters, 1928). 
(d) Visual guidance has been given in a special type of maze, de- 
signed by Carr for this purpose, in which the true path and the 
cul-de-sacs cannot be distinguished from each other by means of 
vision. All paths look as if they lead to the goal, but all save the true 
path are blocked at the end by invisible stops (Carr, 1921), Under 
another condition the subject could see his moving hand as it held 
the stylus, but could not see the maze. In still another the subject 
was allowed to inspect an ordinary maze before each trial (Peterson 
and Allison, 1930). (e) In graphical guidance, another kind of visual 
guidance, the maze was behind a screen as in the usual maze experi- 
ment, and a diagram was given to the subject with instructions to 
utilize it. The influence of diagrams of varying degrees of complete- 
ness was also studied (Carr, 1921). 


These modes of guidance do not have equal significance for the 


problem of the role of frequency in learning. It is probable that 
they elicit different degrees of motivation and that they differ in 
the opportunity they give for transfer and effect to enter, All of 
them, however, demonstrate the influence of limitation of incorrect 
responses, and some of them, particularly mechanical and manual 
guidance, are of high importance for a knowledge of the influence 


of forced frequency of correct responses when minimal transfer 


and 
effect are present. 


The effectiveness of guidance is a function of its amount and of 
the point in practice at which it is introduced. Small numbers (as 
2 or 4) of guided trials early in practice ( 


usually in the first few 


* For more recent investigations using modifie 
which are in the main continuous with the ea: 


d methods, but with results 
(1937), Cook (1939), and Sartain (1940). 


rlier ones, cf. Rubin-Rabson 
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trials and not beyond the tenth are the most effective in facilitating 
learning, The influence of guidance diminishes as its amount is 
creases and as the point of its introduction is moved away from the 
early stages of practice. Large amounts of guidance, or amounts 
given at unfavorable points during practice, may hinder learning. 
The influence of large amounts of correct frequency is demon- 
strated in an experiment by Waters (1930) in which different groups 
of college students were given 20, 40, and 80 manually guided trials 
in a maze.‘ If the guided trials are regarded as a prior condition, 
and if only the records subsequent to the guidance are considered, 
trial, error, and time records decrease as amount of guidance in- 
creases, except for the trials after 20 guided runs (Table XV), and 


Taste XV 
Maze RECORDS WITH VARYING AMOUNTS OF GUIDANCE 
(From Waters, J. gen. Psychol., 1930, 4, PP- 215 and 218) 


Mean Scores Subsequent Mean Scores of Guided 
to Guidance Plus Unguided Trials 
Condition Trials Errors Time Trials Time 
(Sec.) (Sec.) 
Control 37-5 466.2 2191.0 37:5 Aigro 
20 guided trials 42.8 314.5 1714.6 62.8 2114.6 
4o guided trials 27.7 235-9 1433-8 677 2233,8 
8o guided trials 23.4 192.8 1232.6 103.4 2832.6 


it must be concluded that guidance has led to learning. If, however, 
the guided trials are considered as a component part of the total 
learning, as they legitimately are, trials increase as guidance in- 
creases, and time with 80 guided trials is considerably larger than 


for the control.’ 
From the standpoint of frequency, the table shows that, when 


4 The subjects were instructed to allow hand and arm to be as passive as 
possible, but to learn as much as possible about the maze in order to be able 
to traverse it unaided after withdrawal of guidance. Each guided run took 
twenty seconds, and rest intervals were introduced at regular points. The 
subject was guided down the center of the pathway, making as few contacts 


with the walls as possible. 
5 Errors are the same in both cases, since no errors occur in the guided runs. 
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20, 40, or 80 guided trials are given, a guided frequency of one is 
not equivalent to an unguided frequency of one. If it were, the 
groups given 40 and 80 guided runs should have learned by guid- 
ance alone. Guidance did, however, decrease the number of errors, 
although it did not decrease total time. Forced correct frequency in 
a stylus maze is the analogue of frequency of situation and response 
with belonging in the case of verbal items, where Thorndike has 
found that such frequency yields slow learning. 

Guidance in a stylus maze does more than provide correct fre- 
quency alone. It facilitates orientation toward the goal, makes the 
significant aspects of the problems more identifiable, limits explora- 
tion, decreasing time and errors as a result, and particularly in some 
of its verbal forms gives knowledge of results when responses are 
wrong as well as when they are right. It seems also to be more 
effective the more it promotes and favors a positive response of the 
subject to the significant feature of the maze. This is particularly 
true in a comparison of manual guidance versus correct verbal 
guidance over the true path (Wang, 1925), where the verbal in- 
structions are accompanied by fewer errors. 

The immediately important fact, however, is that in learning a 
problem in which trial and error is the characteristic mode of solu- 
tion it makes a difference whether the frequency is applied to the 
guided correct responses only or to a solution discovered in the 
process of free trial and error. This implies that a complete process 
of learning includes more than the fixation of correct responses only, 
although this fixation is necessary if the criterion is to be 
Elimination is bound up with fixation. In the practice of a 
act, at least, one learns what to do by making errors and c 
them, as well as by making the correct responses themsel 


attained. 

complex 
orrecting 
ves. 


» and final speed. It seems to 
ity and to have induced a slower and 
more cautious mode of attack. 
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Frequency of Adequate and Inadequate Responses 


As we have seen in Chapter VII, the consequences of an activity 
are powerful determiners of the learning of that activity. Whether 
or not the law of effect is considered to be a basic principle of learn- 
ing, at an empirical level it is apparent that reinforcement, non- 
reinforcement, and punishment have an effect upon the learning 
process. The repetition of reinforced responses tends, on the whole, 
to strengthen those responses, and we may consider the frequency, 
in this case, to act as the bearer of effect (cf. Melton, 1941). The 
evidence which supports a reinforcement interpretation of learning 


has already been cited and need not be repeated here. 

On the other hand, repetition of inadequate responses, either 
separately or in the context of some larger performance, may have 
an influence upon learning. The studies of guidance have demon- 
strated that prevention of error beyond a certain point may retard 
learning and that learning is relatively slow with forced repetition 
of the true path, only. The subject eventually learns the true path 
by entering the blind alleys and by retracing on the true path; each 
transit from start to goal may be by a different total path; and both 
right and wrong acts require repetition. The wrong acts are elim- 
inated, in part, by being performed—that is, by frequency (Carr, 
1980), in the sense that their elimination is positively correlated 
with their frequency. 

Maze experiments, however, are complicated by the inevitable 
interspersing of correct and incorrect acts, so that the role of fre- 
quency of the wrong acts is difficult to isolate. The studies which 
have followed Dunlap’s (1928) statement of the hypotheses that 
repetition may decrease the probability of later response or that 
it may have no influence at all upon fixation have concentrated for 
the most part on isolable responses. In support of the beta hypothe- 
sis” that frequency itself is powerless but may let negative factors 

7 This hypothesis was originally stated as one of three, called at that time 
the alpha, beta, and gamma postulates. In brief, the alpha hypothesis is that 
frequency of stimulating situation and response increases the probability that 


recurrence of the same or a similar situation will be followed by the same or a 
similar response. This is the old and familiar assumption that frequency fixates. 
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operate to eliminate the repeated response, Dunlap cited a number 
of informal observations. His own often-made error of writing hte 
for the, when typing rapidly, was eliminated by typing a half-page 
of hte’s while holding the “futuric thought” that this was an error 
he would not make again. He also reported from work with students 
and patients that bad habits, such as thumb-sucking, nail-biting, and 
certain speech defects, had been eliminated by repetition with the 
intent to eliminate. 

It will be noticed that in testing the hypothesis the subjects re- 
peated the wrong or inadequate response with a set to eliminate it 
and to fixate another response not overtly practiced. The extent to 
which effect was present during this process is unknown, but there 
is reason to suppose that some effect was present. Experiments on 
the repetition of the act to be eliminated give frequency to a situa- 
tion and an inadequate response and to the thought that this is an 
error which should be eliminated. Practice of the wrong response 
has often been called negative practice, though it is negative only 
in the sense that it is aimed at the inhibition of an act. Such 
inhibition as a function of practice is as positive a process as any in 
learning. 

The operation of negative practice on an experimental scale is 
illustrated in an experiment by Holsopple and Vanouse (1929) 
with students of typing who had just begun to transcribe from 
shorthand notes. Eleven were found who had been making at least 
four automatic and apparently habitual errors in the spelling of 
words which, outside of transcription, they knew how to spell cor- 
rectly. Each was told of his constant misspelling and was instructed 
to type, spelling as he had constantly misspelled them, eight full 
lines of each of two of the words. The other two const 
spelled words, used as controls, were given an equ 


antly mis- 
al amount of 


The beta hypothesis is that frequency h 
gamma hypothesis, that frequency has 
pointed out, the names “beta” 
changed. The view that frequenc: 
be interpreted as response, which 
before Dunlap (Gottschaldt, 1926 


as no influence on fixation; and the 
a negative effect. As Peak (1941) has 
and “gamma” have sometimes been inter- 
y is ineffective in perception, or in what may 
is a function of transfe 


t, had been expressed 
) and has often been st: 


ated by the gestaltists. 


THE ROLE OF FREQUENCY 293 


correct practice—that is, with correct spelling. The result of the 
same frequency applied to both forms of practice was tested by 
dictation in which each of the four words appeared at least four 
times. On this test no student made an error in spelling a word 
which he had practiced incorrectly, while ten of the eleven students 
made errors on the words practiced correctly.§ 

More recently, Peak, Brooks, and Hobson (1941), using two well- 
equated groups of subjects, had one group practice ten words, previ- 
ously misspelled twice on a spelling test, by writing them either 
sixteen or thirty-two times correctly, while the other group wrote 
the same number of words with the incorrect spelling. Tests after 


three days and three weeks showed that incorrect and correct prac- 


tice had been equivalent in fixating the correct spellings. After three 


weeks the number of errors had increased, but there was still a 
retention of from 70 to 80 per cent of the corrections. 

Negative practice has also been used by Kellogg and White 
(1935) with a stylus maze, in which the individual responses are less 
readily isolable from the total act. One group was forced to repeat 
each cul-de-sac error as soon as it was made, and a second was 
instructed to trace an equivalent section of true path opposite the 
error just made. Each group was compared with one which learned 
by the customary trial and error. If anything, the group which re- 
peated each cul-de-sac error learned more rapidly than the two 
other groups, and in any case learned as rapidly as they did. 
as been found to be effective also in correct- 
ing errors in piano-playing and in typing, as well as in spelling. It 
may be concluded that frequency of situation and of inadequate 
(wrong) response to it may eliminate the wrong response. It does 
this when the association between situation and response is rela- 
tively isolable, as in the case of spelling errors, and when it is part 
of a lar ger problem, such as the maze. Dunlap (1932) believes that 
the results of negative practice are a special case of the fact that the 


$ A critique of the methods used in this and other experiments on negative 
Practice has been published by Peak, Brooks, and Hobson (1941). This paper 
and one by Peak (1941) contain references to the work on the problem of 


negative practice. 


Negative practice h 
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acts one practices are not the acts one eventually learns and that 
the determining conditions are the “thoughts and desires” present 
during practice. He has not elaborated the modes of action of 
thoughts and desires whereby the practice of incorrect responses 
leads to the fixation of correct ones. It is not difficult to see a con- 
tinuity between the effectiveness of making errors in maze learning 
(cf. the experiments on guidance) and of practicing errors by the 
method of negative practice. 

In negative practice the subject is faced with a situation having 
at least two response alternatives, one right and the other (or 
others) wrong. Both are already in his repertoire of response, sO 
that learning to make the right one consistently means fixating @ 
correct choice between responses he can already make: the instead 
of hte, or a turn to the right instead of to the left. Repetition of the 
incorrect choice, under the conditions of negative practice, does 
certain things which may partly account for its effectiveness. It more 
clearly identifies the correct choice as the one to be made in that 
situation and the incorrect choice as something to be avoided, Prior 
to negative practice the subject could make the correct response, 
could identify it as the one to be made, but often did not. The 
practice fixates the making of the identification, and the subject’s 
motivation to act correctly will force the choice of the correct 
response. The thoughts and desires which Dunlap emphasizes 
are intimately related to this action of identification and motiva- 
tion. 

Certain conditions may facilitate identification and correct choice. 
Negative practice may strengthen the set to identify the alternatives. 
It may do this by presenting the situation in a wider meaningful 
context. The subject undoubtedly thinks that the practice of a wrong 
spelling is a peculiar thing to do, and negative practice is likely to 
arouse a context of events which, by its richness and complexity of 
connection, will make more probable the identification of the correct 
choice when the word reappears in actual use. When the stimulat- 
ing situation recurs, the subject may think, “This is the word I had 
to misspell,” whereupon his set to spell it correctly elicits the right 
response. There is also the possibility that during negative practice 
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the subject is implicitly repeating the correct spelling with intent 
to learn it and getting positive consequences or effect by so doing.° 


SUMMARY AND INTERPRETATION 


The conclusions of the work on the role of frequency may be 


summarized briefly. 
(a) When a stimulating situation is frequently presented with 


no specification of the response and no formal knowledge of results 
or effect, behavior does not change in the direction of the experi- 
menter’s criterion, although it may change toward some standard 
adopted by the subject. Responses which are frequent early in 
practice do not gain as a result of their initial frequency. 

(b) If frequent presentation of contiguous terms (situation and 
response), without consequences specific to the connection, leads to 
learning, the learning is very slow. Furthermore, in the case of con- 
ditioning, when the situation-response connection fails to be fol- 
lowed by the accustomed reinforcement, the response diminishes. 
Thus, in the absence of consequences or reinforcement, there is little 
learning and withdrawal of the reinforcement tends to cause the 
dropping out of the response. 

(c) When, however, the members of a situation-response pair 
belong together in some way, consequences being indeterminate but 
probably not great, learning occurs and increases as belongingness 
increases. An interpretation of belongingness as a case of transfer of 
training has been offered. 


(d) Correct frequency of situatio 
ance, if given in small amounts an 


n and response, forced by guid- 
d early in practice, facilitates 


onditions under which negative practice is effec- 

: conditions listed state some of the probable con- 
ditions. For other interpretations of the results, many of which have been 
incorporated in the discussion in the text, cf. Guthrie (1935), Kellogg and 
White (1985), and Peak (1941). Peak’s paper sets the results of negative 
Practice in a wider context of learning theory. Some of the conditions of 
Negative practice seem to have been operating in Peterson’s (1922) experi- 
ment with a mental maze and with frequency on the side of the errors. The 
slow learners were slow to grasp the fact that an error returned them to the 
starting choice, but when this had been grasped and identification of what was 
being done had occurred, learning accelerated. Here, as elsewhere, the selective 
influence of set overweighed frequency. 


ti ° A systematic study of the ci 
ive has yet to be made. The c! 
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learning. As amount of guidance increases, however, a point is 
soon reached at which a guided trial ceases to be as effective as an 


unguided one. Large amounts of correct and guided frequency may 
retard learning. 


(e) Frequency of reinforced or rewarded situation-response con- 
nections is productive of large amounts of improvement, other fac- 
tors being equal. 

(£) The incorrect frequency of the so-called negative practice 
experiments eliminates the response repeated and fixates the cor- 
rect, and not overtly repeated, response. 

The conclusion that under many conditions frequency of stimul- 
ating situation, or of a situation and response, is accompanied by 
little or by very slow learning, and that frequency sometimes elimi- 
nates, may seem to contradict the progressive curves which curves 
of learning show, since one thing common to all practice is the 
frequency of repetition. This contradiction, however, is apparent 
rather than real. The term, frequency, means little unless one 
specifies what is frequent. Usually we are referring to a cluster of 
what we consider to be the conditions of learning. If some events 
other than the conditions of learning are frequent, it is not surpris- 
ing that learning doesn’t occur. Just what the conditions necessary 
for learning may be is a subject of considerable theoretical dispute."” 
That frequency is attended by different results under different con- 
ditions should cause no surprise, since the foregoing chapters have 
repeatedly shown that it does. Any condition which determines the 
amount of learning during the course of a single trial may be as- 
sumed to affect the course of learning over a number of trials.'! 


1° A discussion of this, and of other theoretical 
of frequency, may be found in Chapter II. 

11 There are possible exceptions to this statement. Guthrie ( 
that learned responses could be established in a single trial if 
of subsequent stimulation were the same as those on the first presentation, since 
he holds that associations are established on an all-or-none basis as a function 
of contiguity of stimulus and response. A frequency of more than one is held 
to be necessary because with successive repetitions more and more stimulating 
cues come to be attached to the response, until finally enough have become 
connected with it to ensure its elicitation in most situations. Gestaltists who 
stress the importance of insightful solution hold that the optimal learning 
problem is one which permits the subject to survey the situation, to perceive 


problems concerning the law 


1935) believes 
all the conditions 
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These effects may be expected to reveal themselves in the rate of 
improvement and in the final level of perfection which is attained.* 


REFERENCES 


Carr, H. A. The influence of visual guidance in maze learning. J. exp. Psychol., 


1921, 4, 399-417. 
Carr, H. A. Teaching and learning. J. genet. Psychol., 1930, 87, 189-218. 
art and whole learning of the disc 


Cook, T. W. Guidance and transfer in p 
transfer problem. J. educ. Psychol., 1939, 30, 303-308. 

Dunlap, K. Habits: their making and unmaking. New York: Liveright, 1932, 

Gottschaldt, K. Uber den Einfluss der Erfahrung auf die Wahrnehmung von 
Figuren, I. Uber den Einfluss gehiufter Einprigung von Figuren auf ihre 
Sichtbarkeit in umfassenden Konfigurationen. Psychol. Forsch., 1926, 8, 261- 


317. 

Guthrie, E. R. The psychology of learnin 

Hilgard, E. R., and Marquis, D. G. Co 
Appleton-Century, 1940. 

Holsopple, J. Q., and Vanouse, I. A note on 
Sch. and Soc., 1929, 29, 15-16. 

Hull, C. L. Learning. II. The factor o 
(Ed.), A Handbook of General Experimen 
Univ, Press, 1934, pp- 382-455. 

Hull, C. L. Special review of Thorndike, 
chol. Bull., 1935, 82, 807-823. 

Kellogg, W. N., and White, E. R. A maze test o! 
J. comp. Psychol., 1935, 19, 119-148. 
Koch, H., L. The influence of mechanical 

chol. Monogr., 1923, 32, No. 147. ; f 

Lambert, J. F., and Ewert, P. H. Part I: The effect of verbal instruction upon 
stylus maze learning. J. gen. Psychol., 1932, 6, 377-397. 

Ludgate, K. E. The effect of manual guidance upon maze learning. Psychol. 
Monogr., 1923, 33, No. 148. 

McGeoch, J. A. Review of Thorndike, 
Psychol., 1933, 8, 285-296. 

Melton, A. W. Article on learning. In Mo 
educational research. New York: Macmi 

Peak, H. Negative practice and theories 0 
316-336, 

Peak, H., Brooks, J., and Hobson, 
rection of spelling errors. J. Psychol., 1 i 

Peak, H., and Deese, L. Experimental extinctio 
Psychol., 1937, 20, 244-261. 


g New York: Harper, 1935. 
nditioning and learning. New York: 


the beta hypothesis of learning. 


f the conditioned reflex. In Murchison, C. 
tal Psychology. Worcester: Clark 


The fundamentals of learning. Psy- 
f Dunlap’s theory of learning. 


] guidance upon maze learning. Psy- 


The fundamentals of learning. J. gen. 


nroe, W. S. (Ed.), Encyclopedia of 
llan, 1941, pp. 667-686. 
f learning. Psychol. Rev., 1941, 48, 


B. Positive and negative practice in the cor- 
941, 11, 103-114. 
n of verbal material. J. exp. 


the necessary relationships, and to solve the problem without trial and error, 


and presumably, without repetition. : 

12° Prediction of the course of learning on the basis of the efficacy of a single 
trial cannot be made, however, since factors associated with the sequence of 
trials (work, transfer, and distribution of practice phenomena ) play a role in 
this determination. 


298 THE PSYCHOLOGY OF HUMAN LEARNING 


Peterson, J. Learning when frequency and recency factors are negative. J. exp. 
Psychol., 1922, 5, 270-300. 

Peterson, J., and Allison, L. W. Effects of visual exposure on the rate and 
reliability of stylus maze learning. J. gen. Psychol., 1930, 4, 36-46. . 

Pratt, C. C. Repetition, motivation, and recall. Brit. J. Psychol., 1936, 26, 425- 
429. 

Rubin-Rabson, G. The influence of analytical pre-study in memorizing piano 
music. Arch. Psychol., N. Y., 1937, 31, No. 220. 

Sartain, A. Q. The conception of the true path and efficiency in maze learning. 
J. exp. Psychol., 1940, 26, 74-93. 

Seashore, H., and Bavelas, A. The functioning of knowledge of results in 
Thorndike’s line-drawing experiment. Psychol. Rev., 1941, 48, 155-164. 

Thorndike, E. L. Human learning. New York: Century, 1931. 

Thorndike, E. L., et al. The fundamentals of learning. New York: Teachers 
College, Columbia Univ., 1932. 

Wang, T. L. The influence of tuition in the acquisition of skill. Psychol. 
Monogr., 1925, 34, No. 154. 

Waters, R. H. The influence of tuition w 
1928, 1, 534-547. 

Waters, R. H. The influence of large amounts of manual guid: 
man maze learning. J. gen. Psychol., 1930, 4, 213-227. 

Waters, R. H. The effect of incorrect guidance upon human maze learning. 
J. comp. Psychol., 1931, 12, 293-301. 


pon ideational learning. J. gen. Psychol., 


ance upon hu- 


IX 


TRANSFER OF TRAINING 


INTRODUCTION 


Transrer of training occurs whenever the existence of a previously 
established habit has an influence upon the acquisition, perform- 
ance, or relearning of a second habit. It is one of the most general 
phenomena of learning and, by means of its influence, almost all 
learned behavior is interrelated in various complex ways. Transfer 
in part, the ease of learning of a particular 
habit, and, indeed, every new learning takes place in the context 
of all previously established habits. Moreover, as we have seen, 
in the learning of complex acts, improvement in one portion of 
the habit may transfer to facilitate or to inhibit improvement in 
other portions. Thus, the serial position curve in rote learning, the 
order of elimination of blinds in maze learning, and a number 
e, in part, a function of transfer. 

(a) positive, when training in one ac- 
cquisition of a second activity, 


serves to determine, 


of similar phenomena ar 
Transfer effects may be 


tivity facilitates the performance or a 
(b) negative, when the training in one inhibits or retards the learn- 


ing or performance of another, and (c) zero or indeterminate, when 
training in one has no observed influence on the performance or ac- 
quisition of a second. The great majority of the experiments on this 
problem have obtained either positive or negative transfer with 
positive transfer predominating. Few have yielded zero transfer, 
partly because the search has been primarily for transfer of one 
sign or the other, with the result that the activities used have been 
chosen because they seemed likely to show transfer of one sign 
or the other. Strictly speaking, t the occurrence of 
zero transfer would require proo 
which experiment cannot accomplish ( 


There are, however, some activities betwe' 
299 


o demonstrate 
f of the null hypothesis, a feat 
Fisher, 1935; Melton, 1936). 
en which one would 
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expect, on theoretical grounds, to find little or no transfer, and 
practically one may infer that none exists when every reasonable 
effort has been made to demonstrate transfer without result. 

The action of transfer in the laboratory and in more practical 
learning situations is inescapable. Few “new” materials or activities 
are wholly new to a person beyond the earliest period of life with 
the result that past experience may influence present learning in 
either a positive or a negative manner. New learning problems are 
usually solved in terms of previously acquired methods of attack 
or in terms of previously acquired specific acts. Furthermore, the 
changed associative organization which each new instance of learn- 
ing brings about becomes, in turn, a determiner of future learning. 

Examples of the transfer effect are not difficult to find. Practice 
on one maze or rational problem influences the rate of learning 
of another. Practice at learning one kind of verbal material influ- 
ences the rate of learning another kind because the general method 
of learning is the same. Knowledge of one foreign language helps, or 
perhaps hinders, in detail, the acquisition of a second. Wherever 
knowledge is organized in a hierarchy (for example, arithmetic to 
algebra or mathematics to physics), the transfer of training from 
lower to higher levels is apparent. The personal and practical prob- 
lems of daily life, whether evaded, half solved, or faced and mas- 
tered, are met in terms of transfer from the ways other problems 
have been treated in the past. Similarly, emotional habits and at- 
titudes, established with respect to one person early in life, may be 
shown to transfer to later life situations in terms of the appearance 
of similar responses toward other individuals without opportunity 
for new learning to have taken place. Positive transfer, in fact, is a 
major facilitating device or “short-cut” in mental organization, It is 
probably the major condition of the empirical phenomena of under- 
standing and insight. Negative transfer, on the other hand, is one 
of the major inhibitors of further learning and of retention. 

While the importance of transfer of training should not be under- 
estimated, it is certainly possible to place too great an emphasis 
upon the role it plays in the educative process. Thus, the doctrine of 
formal discipline as an educational theory assumed a type of trans- 
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fer and a generality of its operation which we now know does not 
exist. Only within the last few decades has sufficient experimental 
evidence been gathered to permit the transfer phenomenon to be 
analyzed and stated as a function of the conditions under which it 
occurs, Even today, we are unable to predict the transfer effect 
precisely except under certain limited laboratory conditions. 


Methods of Measuring Transfer of Training 


The measurement of transfer of training presents some of the 
most difficult methodological problems. Essentially, two problems 
are involved: the problem of experimental design and the problem 
of selecting an appropriate measure. Each of these problems, how- 
ever, contains other complex difficulties which require solution 
if transfer of training is to be measured. 

The simplest experimental design for the study of the transfer 
effect is indicated in the following diagram: 


Learn habit 1 


Goan 9 (EE I i 
Experimental Learn habit 2 Learn habit 1 


mstances, amount of transfer (and its sign), is 
determined by comparing the performances of the two groups 
with respect to the learning of “habit 1.” The method suffers from 
two deficiencies, however. In the first place, there exists no adequate 
basis for matching the control and the experimental groups. This 
is not a serious difficulty so long as we are merely interested in the 
occurrence of transfer rather than in a determination of its amount, 
since, if subjects are assigned to the groups at random, ordinary 
measures of significance may be employed to determine whether 
or not transfer has occurred. We would expect this design to lead 
to a less precise estimate of amount of transfer than could be ob- 
tained through the use of a matched group design. The degree to 
which precision is lacking can be precisely estimated, however, and 
this lack of precision can be decreased by the use of large numbers 
of subjects. The second objection to the use of this design concerns 


Under these circu 
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the occurrence of the warming-up effect which has been noted 
by Thune (1950a) and Hamilton (1950). Thune’s results indicate 
that, if a subject engages in a learning or warming-up activity before 
learning a second activity, the learning of the second activity is 
enhanced.! As we shall see, this effect is apparently independent of 
transfer of training in the ordinary meaning of that term since (a) 
little or no learning need occur on the first task and (b) the effect 
dissipates rapidly in time (Hamilton, 1950). Thus, in the design 
noted above, the learning of habit 1 by the experimental group 
would be influenced both by transfer of training from the learning 
of habit 2 and also by the beneficial effects of warming up derived 
from practice on habit 2. Although not enough is known about the 
warming-up effect to predict its influence in all situations, it is 
probable that this effect would cause an overestimate of positive 
transfer effects and an underestimate of negative transfer effects. 
This would be particularly true if the learning of habit 1 followed 
immediately upon the completion of practice on habit 2. Certainly, 
the results obtained by Thune and Hamilton emphasize the need 
for specifying the interval between the two practice sessions (longer 
intervals being more desirable than shorter ones) if this type of 
design is to be used. 


A second type of design is illustrated below: 


Design 2. 
Group 1 Learns habit 1 Learns habit 2 
Group 2 Learns habit 2 Learns habit 1 


Under this plan, each group serves as a control for the other and the 
data are combined to produce the estimate of transfer, This design 
again presents the difficulty that no basis for matching the groups 
exists. It does, however, control more or less closely the warming-up 
factor (if it is assumed that activity 1 is as effective a warming-up 
activity for the learning of activity 2 as activity 2 is for the learning 

1 Additional evidence for the effectiveness of this factor can be found in the 
studies of proactive inhibition by Underwood (1945, 1949). In this case, 
increased amounts of prior learning cause a relative facilitation of subsequent 


earning, even though the conditions of similarity are such as to promote 
negative transfer. 
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of activity 1). The primary difficulty with this design is that it as- 
sumes that habit 1 will transfer to habit 2 in an amount equal to the 
transfer in the opposite direction, an assumption which has not 
received independent verification, and, in any case, would require 
verification over a wide range of learning tasks. 

A third type of design, and one which is most widely used, is 


outlined below: 
Design 3. 


Control Pre-test on habit] .....-.---- Learn habit 1 
Pre-test on habit1 Learn habit2 Learn habit 1 


Experimental 
In this case, again, transfer is estimated in terms of a comparison 
between the groups on the final learning of habit 1. Design 3 pos- 
sesses the advantage that a basis for matching the groups exists. 
This matching may be accomplished either by manipulating the 
samples to equality on the basis of the pre-test scores so that precise 
determinations of amount of transfer can be made, or the pre-test 
scores may be used to increase the precision of the significance 
estimate by means of analysis of covariance. The warming-up effect 
remains uncontrolled, however, although we have seen that this 
effect may be minimized by increasing the time interval between 
the learning of habit 2 and the learning of habit 1 in the experi- 
mental group. It should be recognized that this design does not 
yield a pure measure of transfer since the final performance in both 
groups is, in part, determined by the learning which takes place 
during the pre-testing procedure. 

The designs described above may be used with a variety of 
measures. At the simplest level, initial performance on the final 
test, number of trials to reach some criterion on the final test, or 
any other performance measure applied to the final test may be 
used. At this level, no difficulty exists in specifying the sign and 
amount of transfer of training, since this specification is accom- 
plished in terms of a comparison of raw scores between the ex- 
perimental and control groups. On the other hand, if it is desired to 
express transfer in terms of a meaningful percentage figure, and 
particularly if it is desired to compare amounts of transfer obtained 
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under a variety of experimental conditions, no entirely adequate 
measure of transfer exists. In their excellent article, Gagné, Foster, 
and Crowley (1948) have reviewed the traditionally employed 
measures of transfer. They conclude that the expression of transfer 
in terms of the percentage of total possible improvement which is 
provided by transfer furnishes a measure which is comparable 
from one transfer situation to another. While there are certain limi- 
tations to this procedure, there is no doubt that this method is the 
best one currently available for the measurement of transfer. 


Characteristic Phenomena of Transfer 


While the definition of transfer offered in the first sentence of 
this chapter will suffice as a general statement, its meaning should 
be amplified and made more specific. Practice results in effects 
other than learning, and the transfer of these effects from one learn- 
ing situation to another should be disregarded in the study of 
transfer of training insofar as possible. At the very least, an attempt 
should be made to consider these other types of transfer effect 
separately, Thus, fatigue and work decrement effects often result 
from practice and will unquestionably transfer from one learning 
situation to another if the time interval between the practice periods 
is sufficiently short. These work decrement effects, however, ac- 
cumulate, dissipate, and probably show transfer, under different 
conditions from habit effects. Their influence should be analyzed out 


of the results on transfer of training. Similarly, the recent work on 
the warming-up effect indicates that it wo 


this factor in the study of transfer. Increase in the warming-up 
effect may be relatively independent of the conditions of the learn- 
ing process and its decrease may not correspond to forgetting in 
the usual sense of that term. It is unquestionably prudent, at the 
present time, to consider warming up and transfer of training as 
separate phenomena, even though we may feel that future work 
will show them to be intimately related. 

Concerning transfer of training itself, a few words should be 
said. Situations for the study of transfer have differed on the gen- 


uld be unwise to ignore 


TRANSFER OF TRAINING 305 


erality of the transfer effect being studied. Some of the experiments, 
those dealing with stimulus generalization or the transfer of specific 
responses in rote-learning, for example, have dealt with an ex- 
tremely specific type of transfer. Other studies—those that relate 
to the concept of formal discipline are an example—have dealt with 
a far more general form of transfer. Between these extremes are 
found some of the studies on transfer resulting from practice upon 
successive samples of the same kind of material, some of the motor 
learning studies of transfer, and others. It is important to realize 
that different kinds of information are yielded by these studies. 
The more general transfer situations have typically been oriented 


toward a solution of some practical educational problem while the 


more specific situations have been concerned more with the isola- 


tion of the conditions under which transfer occurs or with a test 


of some theoretical deduction. 


Stimulus Generalization as a Form of Transfer 


The simplest form of transfer of training, and one which serves 
as a theoretical basis for the explanation of many of the more com- 
plex forms of transfer, is the phenomenon of stimulus generalization. 
This effect has been described in some detail in Chapter III. The 
empirical phenomenon of stimulus generalization is defined by the 
fact that a response which has been conditioned to a particular 
stimulus tends to occur when a second stimulus, similar to the first, 
is presented. The amplitude of such generalized conditioned re- 
sponses tends to decrease as the degree of similarity between the 
original stimulus and the test stimulus decreases. As it is usually 
measured, stimulus generalization represents positive transfer in 
the sense that the generalized response occurs without or with less 
training than would be required to produce that response in the 
absence of prior conditioning. As we shall see, all transfer of train- 
ing is positive in this sense. Negative transfer is a phenomenon 
which occurs as an artifact of the transfer situation when the to-be- 
learned response is changed between the time of original learning, 
and the measurement of the transfer effect. 
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Learning To Learn as Transfer of Training 


A number of studies have yielded information on the learning to 
learn phenomenon. This effect is noted when the learning of suc- 
cessive samples of material of the same kind is accompanied by an 
increase in the speed of learning. Thus, the results obtained by 
Ward (1937) show a decrease in the number of trials required 


to learn lists of nonsense syllables as a number of such lists are 
learned in succession (Fig. 32). 
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SUCCESSIVE LISTS IN ORDER OF LEARNING. 


Fic. 32, A Curve SHOWING THE CHANGES IN RATE OF LEARNING 16 SUCCES- 
SIVE Lists or 12 NONSENSE SYLLABLES 


(From Ward, Psychol. Monogr., 1987, 49, p. 13) 


That this effect may still be measured after considerably greater 
amounts of practice is implied by the findings of Melton and Von 
Lackum (1941). The subjects in this experiment had previously 
served for twenty-eight days in an experiment in which lists of 
syllables, words, and numbers had been learned. Nevertheless, 
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further practice effects appeared in the Melton and Von Lackum 
experiment.” 


24) 


ull 


Fic. 33. LEARNING To LEARN AND WARMING-UP Errects IN ROTE LEARNING 
(From data furnished by Professor Thune. Cf. Thune, 1950b) 
Subjects learned three different lists each day for five days. The gains be- 
tween days are largely attributable to learning to leam while the gains within 
days.are largely attributable to warming up. 


MEAN NUMBER CORRECT IN FIVE TRIALS 


In a recent study, Thune (1950b) has demonstrated the differen- 
tial effects of warming up and learning to learn. In this experiment, 
Thune’s subjects learned three ten-unit lists of paired associate 
adjectives on each of five successive days. The results are shown 
in Figure 83. If gains within days are considered as a function of 


2 The wide range of increments in performance that occur as subject 
passes from sample to sample of a single class of material may be illustrated 
by a selection from the many examples in the literature. Increments appear in 
the forms of immediate memory tested by visual apprehension (Dallenbach, 
1914) and memory span (Martin and Fernberger, 1929) experiments, in a 
wide variety of psychophysical experiments (cf. Fernberger, 1916), in situa- 
tions requiring accurate visual perception and later report (cf. Whipple, 1921), 
in mental multiplication, even by already well-practiced subjects ( Thorndike, 
1908), in problem-solving and rational learning of many kinds (cf. Ruger, 
1910; McGeoch and Oberschelp, 1930), and in performance on successive intel- 
ligence tests (Dunlap and Snyder, 1920; Thorndike, 1922). 
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both warming up and learning to learn, while gains between days 
are considered as measures of learning to learn, it is apparent that 
warming-up effects, while very influential, are quite transitory. 
Transfer gains, on the other hand, are smaller but more permanent.* 

The very important work of Harlow (1949) also deserves mention 
in this connection. Working with monkeys, Harlow has clearly 
shown that the learning of a particular discrimination problem is a 
function of the number of previously learned problems of the same 
general sort. Monkeys solving the first few problems acquire skill 
slowly. After having solved several hundred problems of a similar 
nature, however, learning is extremely rapid. A clearer example of 
the cumulative effects of transfer cannot be found in the experi- 
mental literature. Not only are Harlow’s results important on this 
account, but also they afford an explanation of the empirical 
phenomenon of insight. Harlow’s monkeys showed insightful (i.e., 
sudden) learning of a particular problem only when they had solved 
many similar problems in the past.’ 

Learning to learn is a phenomenon which takes place concur- 
rently with the learning of specific tasks. These increments are so 
commonly found that an experiment which did not reveal them 
would be noteworthy on that account. Most probably, learning to 
learn results from a transfer of general methods of attack and tech- 
nique of acquisition from one situation to another, but it m 


ay also 
result, in part, from learning to reacquire the “set” approp 


riate to 


*It may be argued, of course, that Thune’s results show only learning to 
learn and that the loss between days represents a forgetting of ‘this learning. 
This contention, however, is not supported by the results of Bunch (1936) 
indicating the relatively high resistance of transfer to forgetting, nor is it sup- 
ported by the earlier results of Thune (1950a) on the conditions of the warm- 


demonstration of the rapid 


cial test of this matter could 
be made if it could be shown that negative transfer effects can exist after 


positive warming-up effects have dissipated, 
at the most efficient wa: 


f c preliminary problems. Indeed, this 
iS one of the assumptions underlying the use of synthetic training devices in 
the armed forces and elsewhere. 
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that type of learning situation more rapidly (cf. Ammons, 1947a). 
The resulting increments enter as progressive errors in nearly every 
experiment which, although not designed to study learning to learn 
effects, must deal with the performance of the same subjects on 


successive tasks. Various counterbalancing procedures have been 


designed to compensate for these errors. 


Transfer from One Class of Material to Another 


aining was focused upon this divi- 


sion of the problem. The proponents of formal discipline as an 
educational doctrine took the position that the results of training 
were general in the sense that the incremental changes resulting 
from practice in one activity carried over with but small loss to 
unpracticed activities of different kinds. It was to be expected, there- 
fore, that the experimenters who first tested this educational theory 
should have worked with material from different classes. There is 
owever, that the conditions underlying trans- 
fer from one class of material to another are fundamentally different 
from those which are basic to transfer among samples of the same 
class. Moreover, classes grade into each other, and there is often 
no sharp distinction between them. 

The large number of studies which followed the pioneer inves- 
tigation of Thorndike and Woodworth (1901) have corroborated 


and extended their conclusions that transfer may be either positive 
at there is usually less transfer from one activity 


han from one sample to another 


Early interest in transfer of tr 


no reason to suppose, h 


or negative and th 
to an activity of a different class t 
of the same class. 

To call the roll of the extensive experiments would be fruitless, 
and only a few illustrations need to be mentioned. Transfer of rate 
e material to a different one, while often 


(cf. Sleight, 1911; Reed, 1917). 


of memorizing from on 
positive, is relatively small in amount 
t, ordinary counterbalancing procedures operate 
to learn phenomenon only if the curve of learn- 


wn data do not support this assumption, how- 
f this and other deficiencies of the methods of 


5 As Ward (1937) points oul 
to compensate for the learning 
ing to learn is linear. Ward's 0 
ever. For a general discussion 0 
counterbalancing, see Chapter is 
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There are considerable amounts of positive transfer between writ- 
ing English prose in German script and turning German script into 
English (Leuba and Hyde, 1905), from training in mental multipli- 
cation to performance in several other arithmetical operations, 
(Starch, 1911), from practice in canceling English words containing 
the letters a-t to performance in other forms of cancellation (Martin, 
1915), from practice on a pictured representation to practice on a 
motor task (Gagné and Foster, 1949), and from one school subject 
to another (cf. Mudge, 1939; Stroud, 1940).° 

Training on an activity of one class may also retard the rate at 
which an activity of another class is learned. Transfer has appeared 
from canceling the letters e and t to canceling meaningful words 
(Kline, 1914) and from canceling certain letters to canceling numbers 
(Martin, 1915), from learning to spell words to learning to spell 
their derivatives (as from “create” to “creating”) (Archer, 1930), 
and in many other situations. Often this transfer appears overtly 
among the component parts of a complex habit as well as in terms 
of a net transfer effect. 

In recent years, experimentation on this problem has virtually dis- 
appeared, having been supplanted by experiments having a more 
analytic or theoretically oriented approach to the study of transfer.’ 


CONDITIONS OF TRANSFER ANALYZED IN TERMS 
OF RELATIONS BETWEEN THE TRAINING 
AND THE TEST ACTIVITIES 


The phenomena of transfer described thus far have been rela- 
tively molar and unanalyzed. It is important to know that training 
in one activity facilitates or inhibits the learning of another activity, 
but this alone does not specify the basic variables involved. The 


® References to much of the earlier work and to some of the later will be 
found in Thorndike (1914), Coover (1916), Bills (1934), Woodworth (1938), 
and Gagné, Foster, and Crowley (1948). 

7 While this is true of those studies reported in psychological journals, it 
should be noted that many studies of this variety have been performed by 
psychologists in the military services and other applied areas. Thus, the evalua- 
tion of training programs, synthetic training devices, etc., is, in part dependent 
ppan audies of transfer of training. Reference to much of this work may be 
ound in the series ; Ai ces Aviati k are 
ees (inet teas Army Air Forces Aviation Psychology Program Research 
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most significant variables have turned out to be the relations be- 
tween the training and the test activities. These have been analyzed 
in terms of the relations between the stimulating conditions in the 
two cases, relations between the r 
which are applicable to both activities. A survey of these more ana- 
lytic studies will make clearer what the phenomena of transfer are 
and, by stating some of its basic conditions, will set the stage for 
interpretation. : 

One obvious mode of analysis is to break down the training and 
test activities, the activities from and to which the transfer takes 
place, into stimulating conditions and the responses thereto, remem- 
bering always that these two are a continuous series. The subject is 
trained on one set of stimulus conditions and tested, not upon some 
total activity as was done in the unanalytic studies, but with a 
derived or altered arrangement of stimuli. This is done in order to 
discover whether, and to what extent, the original response will be 


elicited by the derived stimulus. 


esponses, and general factors 


Relations of the Receptors Stimulated 

One of the earliest questions asked in the field of transfer was 
whether training to make perceptual discriminations among stimuli 
applied to receptors on one side of the body will transfer to dis- 
criminations of stimuli delivered to receptors on the other side. 
The older literature contains several reports of positive transfer of 
discrimination, particularly on the skin. More recently, Hulin and 


Katz (1934) trained five seeing subjects, hitherto unfamiliar with 


the Braille alphabet, until each could tactually discriminate and 
fingers of one hand. The 


name every letter with each of the five 
subjects were then asked to recognize the letters presented in a 
random order to the corresponding finger of the other hand. Two 


subjects showed 100 per cent positive transfer, and none of the 
remaining three showed less than 88 per cent. Franz (1933) has 
from one side of 


of form discrimination 
points on the other side, and Mukherjee 
ation from left forearm 


reported positive transfer 
the body to corresponding 
(1983) finds transfer in two-point discrimin 
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to right. There is no doubt that under a wide range of conditions 
the effects of practice are not confined to the tactual receptors stim- 
ulated during practice, but that they transfer positively to bilaterally 
symmetrical areas. 

A similar generalization holds for the retina. The results of Franz 
and Layman (1933) show a large amount of positive transfer of 
training in visual discrimination from right eye to left eye, and 
J. J. Gibson (1933) finds a transfer of the negative aftereffects of 
the perception of curved lines from stimulated to unstimulated eye. 
High positive transfer from one retina to the other is so obvious a 
fact of daily life as to need no further demonstration, An object 
recognized, a discrimination made, or an act determined by stimu- 
lation of one retina can be responded to with little or no decrement 
when the stimuli are shifted exclusively to the other retina. The 
positive transfer from one eye to the other is sufficiently great to 
render the eyes interchangeable receptors. The same is true for the 


ears and, probably, for other receptors located in bilaterally sym- 
metrical positions.’ 


Generalization of Stimulating Conditions 


The phenomenon of stimulus generalization is, as we have already 
noted, the simplest form of transfer of training. As it has been 
studied in conditioning situations, this effect has already received 
our attention in Chapter III. In situations which more nearly re- 
semble those of the classical learning experiments, analogous results 
have been obtained. E. J. Gibson (1939), for example, determined 


a negatively accelerated gradient of generalization in“ 


a simple 
verbal learning situ: 


ation. Her subjects were instructed to respond 
quickly with a single nonsense syllable to a specific vibratory stim- 


symbolic processes. The role p 
between receptors, whether or 
amount. An example of transfer 
objects with which one’s first 
touch, and vice versa. 
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ulus on the back and not to respond to other stimuli. After practice 


with the reference stimulus, other vibratory stimuli were applied 


at intervals of four inches in a straight line, with the result that the 
ansferred with a decelerated gradient.” 
The experiments of Yum (1931) are still more clearly in the tradi- 


tion of the classical experiments. His learning materials were lists 
ates in which the stimulus terms were 


of fourteen paired associa 

hyphenated nonsense syllables and the response terms were four- 

letter words. Twenty-four hours after a list had been learned to a 
a test for transfer was made with the 


criterion of one perfect recall, 
syllables changed in the ways illustrated in Table XVI. Transfer, 


response tr 


Taste XVI 


TRANSFER AS A FUNCTION OF CHANGED CONDITIONS AT RECALL 


(From Yum, J. exp. Psychol., 1931, 14» P- 73) 


Original Response Recall Per Cents 
Stimuli Words Stimuli Recalled 


Conditions 

Same syllables (Control) Rebqim Wolf Rebqim 67.76 
Ist letter of 1st syllable 

changed Hudlep Fist Xud-lep 40.15 
2nd letter of rst syllable : 

changed Toqbex Jury Tiqbex 59.85 
Ist and 2nd letters of 1st . k F 

syllable chan, ed Kaj-zoy View Nej-zoy 39.38 
1st letter of 2nd syllable d 

changed 7 Vah-miz Nose Vah-piz 40.93 
2nd letter of 2nd syllable 

changed f Wul-gic Vase Wul-goc 53.86 
Ist and 2nd letters of 2nd 

syllable changed Jec-por Mask Jec-nar 37-65 
n Sysablechangee OOO i MM 


measured by the percentage of correct recalls on the test, was uni- 
formly positive, but varied in amount with the changes in the 
stimuli. Every alteration of the stimulus member reduced the recall 
by a statistically significant amount. Changes in the second letter 
of either stimulus syllable decreased recall less than did changes 


in the first letter or in the first and second letters. These results 
demonstrate that a response which has been associated with a 


9 The analogous experiment in classical conditioning is Bass and Hull (1934). 
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given stimulus may be aroused by a stimulus partially identical 
with the first, but with which the response has not been previously 
associated. The results also indicate that the extent to which this is 
true varies with the locus of the identity. 

Similarity more often means resemblance rather than some locus 
or amount of identity, however, and it is fortunate that Yum carried 
his problem further by using lists of twelve paired meaningful words 
in the training series and by substituting for these stimulus words, 
after twenty-four hours, other words rated as having first or second 
degree similarity of meaning to the original words. An analogous 
experiment was done with visual patterns as the stimuli and three- 
letter words as the response terms. At recall, drawings of four dif- 
ferent rated degrees of similarity to the original stimuli were sub- 
stituted. All of the variations in stimuli yield some recall, but the 
amount increases with increasing similarity (Table XVII). Yum’s 


TABLE XVII 


TRANSFER AS A FUNCTION OF RATED SIMILARITY BETWEEN 
STIMULUS MEMBERS 


(From Yum. J. exp. Psychol., 1931, 14, pp. 75 and 78) 


Percentage Recalled 
Condition at Test Word Stimulus Similar Visual Pattern Similar 
Word or pattern same 50.15 84.62 
First-degree similarity 32.56 64.53 
Second-degree similarity 11.27 49.15 
Third-degree similarity 45-30 
Fourth-degree similarity 36.32 


findings have recently been corroborated by E. J. Gibson (1941). 
Comparable results have also been obtained by Gulliksen (1932) 
when degree of similarity was measured objectively in terms of the 
size or direction of angles while variations as a function of the 
subject's knowledge that he was being tested were controlled.!” 

The so-called transposition experiments are continuous with those 

20 GF also Razran’s (1939) ingenious test of transfer in human conditioning; 
where he finds a greater positive transfer to s 


non tha 1 es. 
Razran (1940, 1949a, b) should also be conta ed, SS SS eee 
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described above in that, after practice with one set of stimuli, a 
definite change is made in the stimulating conditions and the sub- 


ject is tested to discover whether he will respond in a similar way 


to the altered stimuli. In these experiments, however, the change 
is made in such a way as to leave similar relations between the 
stimuli. Since the early experiments were done on animals, the 
procedure may be illustrated by two experiments on animal subjects. 
After having trained chicks to choose a 6-centimeter circle and to 
reject a 4-centimeter circle, Bingham (1918) presented the chicks 
with circles of 4-centimeter and 8-centimeter diameters. They chose 
the 4-centimeter circle, the one which had previously been rejected. 
On the other hand, when the test stimuli consisted of 6-centimeter 
and 9-centimeter circles, the chicks chose the 9-centimeter one. 
In both cases, it was as if the chicks were responding to the relation- 
ship larger than. Two years later, Köhler (1915) reported similar 
experiments, which, by virtue of the interpretation given to them 
by gestalt theorists, have become the best-known instances of 
transposition. Hens were trained, for example, to eat from the 
darker of two gray surfaces and to react negatively to the lighter. 
The animals were then presented with this darker gray and with 
one still darker, whereupon they chose the new and still darker 


gray a majority of the time, while rejecting the stimulus which had 


previously been chosen.” 


Concerning the existence of the transposition phenomenon there 


can be no doubt. The interpretation of this phenomenon, however, 
is a matter for some dispute. In cases where transposition occurs, 
it appears, superficially, that the subjects are responding to the 
relationship between the stimuli. The gestaltists view this as a re- 


sponse to the whole properties of the stimulating situation and a 


transposition of response to transposed whole properties. Spence 


11 Other representative studies of transposition in animal experimentation 
are Helson (1927), Gayton (1927), Warden and Rowley (1929), Perkins and 
Wheeler (1930), Lewis (1930), Warden and Winslow (1931), and Gundlach 
and Herington (1933). Kliiver’s (1933) monograph contains a large amount 
of evidence on transposition by monkeys in the visual, auditory, and somes- 
thetic modalities, and demonstrates that transposition may take place in spite 
of relatively radical changes in other features of the situation. 
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(1937b), on the other hand, has proposed a theory which accounts 
for the appearance of transposition in terms of the algebraic sum- 
mation of the excitatory and inhibitory tendencies aroused by the 
stimuli involved in the discrimination. According to this theory, both 
the positive (reinforced) stimulus and the negative (extinguished) 
stimulus generalize in such a way that transposition tests with 
similar pairs of stimuli will result in the occurrence of transposition. 
The important deduction is made, however, that transposition will 
not result if stimuli remote from those used in the original training 
are used in the test. Such a failure of transposition to occur when 
dissimilar pairs of stimuli are employed has been demonstrated 
by Spence (1937a, 1941) and others.?? 

Transposition experiments with human subjects reveal a cor- 
responding transfer (cf. Jones and Dunn, 1932; Jackson, Stonex, 
Lane, and Dominguez, 1938; Wesman and Eisenberg, 1941; and 
Jackson and Jerome, 1943). There are conditions under which trans- 
position does not occur, and even under favorable conditions there 
may be subjects who will not show it, but under many conditions 
and with many subjects, it does appear. One of the most significant 
studies of the transposition phenomenon using human subjects is 
the one by Kuenne (1946). She demonstrated a relationship be- 
tween mental age and the occurrence of transposition behavior in 
children. Kuenne studied transposition behavior on near and 
remote pairs of stimuli with children who ranged in mental age 
between 36 and 83 months. At all mental age levels, transposition to 
a high degree was obtained when the stimuli used for testing were 
near to those used in original training. For the remote test stimuli, 
however, mental age was a significant variable. Those subjects with 
a mental age at the 42-month level responded in a chance fashion 
on the transposition tests, that is, transposition did not occur. AS 
mental age increased, percentage of transposition responses in- 
creased until a level of 100 per cent transposition was obtained at 
a mental age level of 76 months. Kuenne interprets her results to 
alee ee oe 3 and Klüver (1933) report such results. The student will 


o examine the theory of discriminati sarni: sed 
by Gulliksen and Wolfle (1939). x a kaing Propose 
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mean that the theoretical formulations of Spence (1937b) apply to 
the transposition behavior of very young children, but that, with 
the development of language, transposition behavior becomes medi- 
ated by symbolic responses such as “bigger than” or “darker than.” 
Kuenne’s results offer an explanation of “relational” learning in 
terms of symbolic mediation and are opposed to the gestalt-type 


approach to this problem. 


The facts cited in this section are simple or complex examples of 


stimulus generalization, the general principle being that a response 
learned to a particular stimulus tends to be elicited by other, similar 


stimuli, the degree of this tendency being an increasing function of 


the similarity of the two stimul 
As a first corollary to this pr 


4.18 
inciple, it is apparent that in many 


“new” learning situations, the stimulating conditions tend to elicit 
responses which have been connected with similar stimulating con- 
ditions in the past. Because of this, subjects usually enter a problem 
Situation with a previously learned hierarchy of responses which, in 
part, determines the type and the variability of behavior in the new 
0, 1934). The principle of stimulus 


problem situation (cf. Hull, 193 p“ 
generalization provides a mechanism whereby training not only 
also connects B with other 


connects stimulus A with response B, but 
in some way to A. The new and 


stimuli which are already related 

altered stimulating conditions seldom elicit the response to the 
same degree as does the stimulus condition which prevailed during 
Original training, but neither do they fail to elicit it in some degree. 
The transfer, that is to say, İS positive but not equal to direct prac- 


tice, 

8 Thi inci as been noted under many different names such 
as saute e generalization, the law of similarity, the law 
of assimilation, and so on (cf. Carr, 1925). On the basis of evidence available 
as long ago as 1914 Thorndike (1914) could state such a principle and has 
Published evidence jn support of it (1937). A discussion will be found in 
Robinson (1932) under the title of the “Law of Assimilation. E. J. Gibson’s 
(1940) systematization of many facts of verbal learning in terms of the con- 
cepts of differentiation and generalization involves the data surveyed here. 
More recently, the treatment by Hull (1943) is especially significant. 
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Relations between the Stimulating Conditions in the 
Two Activities: Positive Transfer 


It is to be expected that a transfer effect which appears on @ 
relatively brief test of performance will also influence continued 
learning, but this expectation requires experimental evidence to 
determine its validity. In an important attack on this problem, 
Bruce (1933) used as the training material lists of paired nonsense 
syllables and then tested the subjects on lists constructed of syllables 
having certain specified relations to those in the training lists (Table 
XVIII). Transfer was measured when the test list required learning 


Taste XVIII 


A SUMMARY ILLUSTRATING THE EXPERIMENTAL CONDITIONS 
EMPLOYED By BRUCE 


(From Bruce, J. exp. Psychol., 1933, 16, P, 347) 


Number Training Series Test Series 
of Stim. Resp. Stim. Resp. Relations Between the 
Condition (S:) (R) (S) (CR) Two Series 
I req kiv req zam S,S, identical, R,R, different 
Il bij bic bij tab S,S, identical, S,R, similar 
II mir ped mir miy S,S, identical, S,R, similar 
IV tec zox tec zop S,S, identical, R,R, similar 
V la. qip fis qip RR, identical, S,S, diferent 
VI soj soy nel soy R,R, identical, S,R, similar 
VII zaf qer qec qer R,R, identical, S,R, similar 
VIII bes yor bef yor R,R,identical, S,S, similar 
IX xal pom cam lup all terms different 


to make a new response to an old stimulus, an old response to a 
new stimulus, and a new response to a new stimulus, as well as 
when the other relations schematized in Table XX obtained. The 
first list was given either 0, 2, 6, or 12 presentations, and the second, 
or test, list was learned to a criterion of 1 perfect trial. The results 
may be seen most readily when they are presented as the percentage 
ihat the mean trials to learn the second list is of the mean required 
to learn with no prior training. A percentage below 100, then, sig- 
nifies positive transfer and one above 100 signifies negative transfer. 
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The results are sO conditioned by the degree of learning on the 
original list that amount of transfer due to the relationships among 
fo} 


the activities and amount of transfer attributable of prior learning 


must be considered together. 
It will be seen in Table XIX that learning to make an old response 


to a new stimulus (Conditions V to VIII) uniformly yields positive 
transfer when the training list has been learned for 6 or 12 trials. 


Taste XIX 
NCTION OF STIMULUS AND RESPONSE RELATIONS 
AND A DEGREE OF LEARNING 
J. exp. Psychol., 1933» 16, pp: 351-353) 


Mean Repetitions Required to 
Learn the Second Lists, When 
the First Lists Had Been Given 
o, 2, 6, and 12 Repetitions, Ex- 
ressed as Per Cents of the Mean 
‘After o Repetitions of the First 


TRANSFER AS A FU 


(From Bruce, 


List 

Condition o 2 jà 
I S:S, identical, RR: different 100 117 116 199 
I SiS: identical, S:Rs similar 100 10I 90 90 
NI S:S, identical, SR: similar 100 127 123 #02 
IV SiS; identical, RR, similar 100 102 101 80 
V RR jdentical, S,S; different 100 115 83 63 
VI RR: identical, SiR: similar 100 103 81 77 
VII RR; identical, SR: similar 100 66 56 40 
VIII B:R: identical, S:S; similar 100 84 64 44 
IX all terms different 100 100 108 84 

eS a 


itive transfer only when the 


Two trials on the first list gives pos 
Jar to the common response 


stimulus member of the test pair is simi 
member (Condition VII) and when the two stimulus members are 


similar (Condition VIII). Under these two conditions, the amount 
of the transfer is high, and under all four conditions the amount in- 
he training list increases. 


creases as the frequency of repetition on t 
When all terms are different, the transfer becomes positive only 


with 12 trials on the training list. Discussion of Conditions I to IV 


will be delayed until the section on negative transfer. 
Not only is learning to make an old response to a new stimulus 
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a condition which favors positive transfer, but the amount of that 
transfer is a function of similarities among the associated terms. 
The amount of transfer is also a function of the amount of training 
given on the first list, increasing as training increases from 2 to 12 
trials. The basic conclusion that connection of a new stimulus with 
a response already associated with some other (but presumably 
similar) stimulus yields positive transfer has been verified by R. J. 


Hamilton (1943) and, in a trial-and-error learning situation, by 
Langer (1937). 


Relations between the Stimulating Conditions in the 
Two Activities: Negative Transfer ** 


Analysis of the stimulus relationships involved in the occurrence 
of positive transfer has revealed that positive transfer results when 
the learner is required to learn to make an old response to a new 
stimulus. In the case of negative transfer, corresponding analyses 
have revealed that learning to make a new response to an old stim- 
ulus yields negative transfer. The experiments on associate inhibi- 
tion are a case in point. In them the subject is required to associate 
a common term, or “old” stimulus, first with a response in the train- 
ing series, and then with another response in the test series. (First 
A is associated with B and then A is associated with K.) Conditions 
I to IV of the experiment by Bruce (1933), which has already been 
described, are organized according to this associative inhibition 
paradigm (Table XVIII). All four conditions yield negative trans- 
fer after only 2 trials on the original list (Table XIX). Two of them, 
Condition I, where both responses are different, and Condition II, 
where the stimulus and response members of the test list are similar, 


14In a sense, all negative transfer is an example of proactive inhibition. On 
the other hand, most studies of proactive inhibition have employed a type © 
experimental design different from those discussed in this chapter and more 
analogous to the design for studies of retroactive inhibition. Underwood (1945) 
discusses this matter and differentiates between proactive inhibition in learnin, 
(the type of negative transfer discussed here) and proactive inhibition in vocal 
(studied with the other type of design). For this reason, the arbitrary decision 


was made to include the work on proactive inhibition in recall in Chapter X 
instead of in this chapter. 
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continue to show negative transfer after both 6 and 12 training trials 
on the first list, though in decreasing amounts. Two other condi- 
tions, II, where the stimulus and response members of the training 
list are similar, and IV, where the response terms of the two lists 
are similar, exhibit a shift toward positive transfer as amount of 


original training increases. 


The similarities in Bruce’s experiment are of one degree only. 


A later experiment by E. J. Cibson (1941), employing the associa- 
tive inhibition paradigm (Training: A-B; Test: A-K), has used 
identical stimuli in the test list, and also three degrees of generaliza- 
tion of the stimulus items. Gibson’s stimuli are visual forms, the 
similarities among which have been determined by the ratings of 
judges, as in the experiment by Yum (1981). Degree of generaliza- 
tion was then determined by testing the subjects, who had already 
practiced standard lists, with variants of the stimulus forms in order 
to discover how frequently the verbal response to the standard form 
was elicited by the variant form. Subjects, given 5 practice trials 
with the standard list, were then given 5 trials on the derived or test 
list, which contained a form having a known average rated similar- 
ity. As similarity and amount of generalization decrease, so does 
amount of negative transfer (Table XX). The greatest, and the 
only statistically significant, amount of decrease occurs from identity 
of stimulus terms to the varying degrees of similarity, but there is 
a marked tendency toward a further decrease with diminishing 
similarity, especially in terms of total number recalled in five trials. 
This positive relation between similarity and amount of negative 
transfer is still more strongly shown in a second experiment by 
Gibson, where the mean trials to learn the second list decrease, 
without inversion, from 7.43 when the stimulus terms are identical 
to 8.93 when the terms are dissimilar. +° 

It should be noted in Table XX that there is a tendency for the 
number of overt transfers Or intrusions from the training to the test 
list to decrease as the similarity of stimulus terms decreases. The 
fact that the absolute number of overt intrusions is small probably 


15 These data are supported by the findings on retroactive inhibition as a 


function of similarity (Chapter X). 
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means that much of the interference between the training and test 
lists is implicit. It is important here that, in a code-learning problem 
involving simple manual responses, Siipola (1940) found that par- 
tial responses in the direction of the first learned response make up 
more than two-thirds of all errors. The subject did sometimes make 
a complete reversion to the originally trained response, but such 
overt intrusions were much less frequent than were the partial er- 
rors. Similar results have been reported by Lewis, Shephard, and 
Adams (1949). These partial errors are analogous to the implicit 
intrusions which may be inferred from the subject’s responses in 
verbal learning. In the verbal learning situation, however, such 
implicit intrusions are much more difficult to measure. 


TABLE XX 
MEASURES OF LEARNING A SECOND List Tuar Has DIFFERENT DEGREES 
OF SIMILARITY FROM A TRAINING LisT 
(From Gibson, J. exp. Psychol., 1941, 28, p. 101) 


Relations Between Stimuli Members of 
the Two Lists 
1st Deg. 2nd Deg. 
Measure Identical Sim. Sim. No Sim. 


Mean number recalled at 
Trial 5 7.67 9.68 10,00 9.82 
Mean total number recalled 22.75 30.91 31.82 33-95 
Mean number intrusions 
from rst list 83, 


‘45 41 -41 


Results supporting the conclusion that learning to make a new 
response to an old stimulus yields negative transfer have frequently 
been obtained with animals. Using a T-shaped discrimination box, 
Hunter (1922) trained rats to go to the right in response to light 
and to the left for darkness. When the animals had attained a crite- 
rion of 95 per cent errorless responses on two successive days, the 
directions were reversed, and the animals were trained to go to the 
left for light and to the right for darkness. The second habit, which 
required the learning of a new response to an old stimulus, was 
learned in an average of 603 trials. The first habit, on the other hand, 
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was learned in an average of 286 trials. Similar results have been 
obtained by Bunch (1939) in the maze learning situation. 


Summary of the Findings on Transfer and the 
Stimulus Relationships 


The data which have been discussed may be succinctly summar- 


ized. We have seen that learning to make a new response to an 
s negative transfer while learning to make an 
w stimulus yields positive transfer. We have 
easing similarity of 


old stimulus yield 
old response to a ne 
also seen that these eff 
the stimulus components. S 
maximum transfer when lear 


ects increase with incr 
trictly speaking, then, we should expect 
ning to make an old response to an 


old stimulus, that is, under conditions where we continue practice 
on the original task. It is apparent that this is true, but such a state 
of affairs is not usually regarded as a situation for the study of 
transfer. It is, of course, possible to regard the learning curve as a 
cumulative transfer curve but, if we exclude this situation, we find 
positive transfer when we learn to make an old response to a new 
stimulus. This facilitation effect will depend, however, on the degree 
of similarity between the old and new stimuli. As this similarity in- 

creasing amounts of positive 


creases, we should expect to obtain in 
transfer of training without regard to sign 
asing function of the 


is an incre 
d test activities. The sign 


transfer. In general, 
(whether positive or negative) 
stimulus similarity between the training an! 
of the transfer, however, depends upon the response relationships. 
If the response learned in the original training is one which will be 

reinforcement, be scored 


adequate in the test situation (achieve the 
a the other hand, if the 


“right,” etc.), transfer will be positive. Or 
onse will not prove to be adequate in the 


originally learned resp 
ll be negative." The quantitative relation- 


test situation, transfer wi 


arning situations, amount of 
al responses are typically 
responses which can be 
the one used in the test. 
ing situations where 


16 Because of the nature of scoring in verbal le 
positive transfer is generally somewhat restricted. Verb: 
scored “right” or “wrong,” hence the only adequate 
learned in the original training is the same response as 
This restriction is artificial and does not apply to learn 
scoring is not accomplished in an all-or-none manner. 


324 THE PSYCHOLOGY OF HUMAN LEARNING 


ships involved have been summarized by Osgood (1949) in the 
surface shown in Figure 34. It will be noted that, for any given 
degree of response similarity, amount of transfer (either positive or 
negative) increases as a function of stimulus similarity. In the same 
way, for any given degree of stimulus similarity, whether the trans- 
fer will be positive or negative (as well as amount of transfer) de- 
pends upon the degree of response similarity. Osgood’s paper, 
giving the empirical derivation of this surface and an extended 
description of it, will repay careful study. 


Fic. 34. THE TRANSFER AND RETROACTION SURFACE 
(From Osgood, Psychol. Rev., 1949, 56, p- 140) 


The medial plane represents effects of zero magnitude. Response relations 
(ranging from response identity—upper left—through response similarity, dis- 


similarity, opposition to antagonism—lower right) are distributed along the 
length of the solid. Stimulus relations are distributed along its width. 


Relations between the Responses in the Two Activities 


As we have just noted, the demonstration that learnin 


an “old” response to the same or a simil 
transfer, 


g to make 


ar stimulus yields positive 
while learning to make a “new” response to the same or 


a similar stimulus yields negative transfer, tells us something about 
the relations of the responses in the training and the test activities 
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as well as something about the stimulus relations. When the response 
is “old,” it is at or near the identity end of the continuum of similar- 
ity; when it is “new,” it lies somewhere toward the zero end of this 
dimension. The problem of the influence of relations between re- 
owever, in the work on bilateral transfer, 


sponses is carried farther, h 
d on transfer from one respond- 


sometimes called cross-education, an 
another. Work on this problem began with the question, 


egree, training of a member on one side of 
the body, such as the right arm, will transfer to the bilaterally sym- 
metrical member. The question has now been broadened to include 
transfer from the training of one responding member to the per- 
formance of another—that is, to the general problem of transfer of 


ing organ to 
whether, and to what d 


responses. 
the stimulating conditions are the same in 


ons, and the results to be produced, 
are the same, but the 


In these experiments, 
the test and in the training situati 
or the acts to be performed by the subject 
an and/or the specific responses differ. The situation 
resembles that of the Miller-Schumann paradigm of associative 
with one important difference. In associative inhibition, the old 
stimulus is to be connected with a new response in the sense of a 
new act or a new performance. In this case, however, the old stim- 
ulus is to be connected with the same act or achievement performed 


by a different part of the body and, to that degree, by means of new 


Specific responses." 
i m one hand to the other has been 


Positive bilateral transfer fro c 
as hitting & target seen In a mirror, mir- 


ror-drawing, maze-running, tapping, pursuitmeter learning, and in 
in amounts varying 


many other perceptual-motor acts. It occurs 1 y 
from a small percentage to a very large one and over so wide a 
range of activities as to be a very general phenomenon (cf. Bray, 
1928; Woodworth, 1938). It is not limited to bilaterally symmetrical 
members, but has been found from hand to foot on the same side 
(unilateral transfer), from left foot to right hand, and between 


responding org 


measured in such activities 


17 The Miiller-Schumann_ paradigm of associative inhibition my a stated 
as follows: When any two items, as A and B, have pee , it is more 
difficult to form an association between either and a third item, K. 
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other combinations of hands and feet (cf. Bray, 1928; Cook, 1933). 
This is akin to the generalization of responses found in conditioning 
where a subject, conditioned to respond to a stimulus with one 
organ of the body, will also respond with another organ.’* 

Experimental measurements are scarcely needed to give evidence 
of widespread transfer of response. Given training in an activity in- 
volving primarily one arm or one leg, an individual can perform 
that act, though less well, with another response member. Typically, 
less practice is necessary to bring such a transferred response to the 
criterion reached by the first member. Not only may transfer be 
obtained between different response organs, but the same act may 
be performed in alternative ways by the same response organs. 

Such transfer phenomena are examples of response generalization. 
As an empirical phenomenon, response generalization may be de- 
fined as follows: A given stimulating condition, once connected with 
a particular response, will also elicit other responses which are 
related in some way to the first, or trained, response (cf. Robinson, 
1932). 

Concerning the existence of response generalization as an em- 
pirical phenomenon, there can be no doubt. It is in the interpreta- 
tion of this fact that certain difficulties are revealed. The question 
is, does this response generalization occur as a function of some 
innate property of the organism to show this generalization, or does 
its occurrence depend upon the previous learning of some mediat- 
ing process? Such a learned mediating process is clearly evident 
when we talk about response generalization from a particular word 
to its synonym (Osgood, 1946; Morgan and Underwood, 1950). The 
extensive experiments by Wickens (1943a,b, 1948) on avoidance 
finger withdrawal can be interpreted in this way. Wickens’ learning 
situation involves training to make an extension response of the 
hand to avoid shock. The hand is then inverted so that a flexion 
response becomes adaptive, and a high degree of transfer is noted. 


18 Illustrative references will be found in G 


Shipley (1933), Gibson and Hudson (1935), Kellogg and Walker (1938), and 
Wickens (1938, 1939), Negative evidence may be found in the book, Cats in 
@ puzzle box, by Guthrie and Horton (1946). A discussion of transfer of re- 
sponse in conditioning will be found in Hilgard and Marquis (1940), 


ibson, Jack, and Raffel (1932), 
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This response generalization, however, may be symbolically medi- 
ated, or it may depend upon the previous learning of equivalent 
behavior routes to a goal (Hull, 1935). At the present time, no 
good evidence exists to support the notion that response generaliza- 
tion occurs in the absence of relevant prior learning. On the other 
hand, the results of Guthrie and Horton (1946) may be interpreted 
as negative evidence on this point. In view of the potential useful- 
ness of this concept, however, it would probably be unwise to 
discard it on the basis of the scanty evidence which now exists. A 
clear differentiation between response generalization based upon 
some generalizing property of the organism and response general- 
ization based upon a mediating process involving prior learning 
should be made. The former we shall refer to as primary response 
generalization while the latter shall be termed secondary response 


Seneralization..® 


Transfer of General Factors Common to the 
Two Activities 


ns between the training and test activities 
fic to particular stimuli and particular 
d with the transfer of general prin- 
to perform, which the subject 


In this group of relatio 
fall those which are not speci 
responses, Here we are concerne 


ciples, modes of attack, and sets 
learns or assumes during the training series and applies during the 


test series, There is, perhaps, 2° clear division between these three. 
ts that the first two factors, the 


Recent evidence, however, sugg°s 
modes of attack, should be con- 


transfer of general principles and 
sidered separately from the transfer of set to perform. Each of 


these, however, is a general factor, acquired in one situation and 
> 


applied in another. 
19 This differentiation is analogous to the breakdown of the empirical phe- 
nomenon of simulis generalization into primary stimulus generalization and 


secondary stimulus generalization. (See Chapter IIL.) 
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other combinations of hands and feet (cf. Bray, 1928; Cook, 1933). 
This is akin to the generalization of responses found in conditioning 
where a subject, conditioned to respond to a stimulus with one 
organ of the body, will also respond with another organ."* 

Experimental measurements are scarcely needed to give evidence 
of widespread transfer of response. Given training in an activity in- 
volving primarily one arm or one leg, an individual can perform 
that act, though less well, with another response member. Typically, 
less practice is necessary to bring such a transferred response to the 
criterion reached by the first member. Not only may transfer be 
obtained between different response organs, but the same act may 
be performed in alternative ways by the same response organs. 

Such transfer phenomena are examples of response generalization. 
As an empirical phenomenon, response generalization may be de- 
fined as follows: A given stimulating condition, once connected with 
a particular response, will also elicit other responses which are 
related in some way to the first, or trained, response (cf. Robinson, 
1982). 

Concerning the existence of response generalization as an em- 
pirical phenomenon, there can be no doubt. It is in the interpreta- 
tion of this fact that certain difficulties are revealed. The question 
is, does this response generalization occur as a function of some 
innate property of the organism to show this generalization, or does 
its occurrence depend upon the previous learning of some mediat- 
ing process? Such a learned mediating process is clearly evident 
when we talk about response generalization from a particular word 
to its synonym (Osgood, 1946; Morgan and Underwood, 1950). The 
extensive experiments by Wickens (1943a,b, 1948) on avoidance 
finger withdrawal can be interpreted in this way. Wickens’ learning 
situation involves training to make an extension response of the 
hand to avoid shock. The hand is then inverted so that a flexion 
response becomes adaptive, and a high degree of transfer is noted. 


18 Illustrative references will be found in Gibson, 
Shipley (1933), Gibson and Hudson 
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This response generalization, however, may be symbolically medi- 
ated, or it may depend upon the previous learning of equivalent 
behavior routes to a goal (Hull, 1935). At the present time, no 
good evidence exists to support the notion that response generaliza- 
tion occurs in the absence of relevant prior learning. On the other 
hand, the results of Guthrie and Horton (1946) may be interpreted 
as negative evidence on this point. In view of the potential useful- 
ness of this concept, however, it would probably be unwise to 
discard it on the basis of the scanty evidence which now exists. A 
clear differentiation between response generalization based upon 
some generalizing property of the organism and response general- 
ization based upon a mediating process involving prior learning 
should be made. The former we shall refer to as primary response 
generalization while the latter shall be termed secondary response 


generalization. ys 


Transfer of General Factors Common to the 
Two Activities 


In this group of relations between the training and test activities 
fall those which are not specific to particular stimuli and particular 
e we are concerned with the transfer of general prin- 
ciples, modes of attack, and sets to perform, which the subject 
learns or assumes during the training series and applies during the 
test series. There is, perhaps, no clear division between these three. 
Recent evidence, however, suggests that the first two factors, the 
transfer of general principles and modes of attack, should be con- 
sidered separately from the transfer of set to perform. Each of 
these, however, is a general factor, acquired in one situation and 


applied in another. 


responses. Her: 


breakdown of the empirical phe- 


19 This differentiation is analogous to the ) piric 
mary stimulus generalization and 
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The Transfer of General Principles 


One of the best-known illustrations of the transfer of a general 
principle is Judd’s (1908) brief report of the transfer of a knowledge 
of the principle of refraction. Two groups of boys in Grades V and 
VI practiced throwing darts at a target under twelve inches of 
water. One group was taught the principle of refraction, the other 
was not. During the practice under twelve inches of water the two 
groups were equal, but when the depth was reduced to four inches, 
the group which had been taught the principle adjusted rapidly to 
the new conditions, while the control group showed scant transfer. 
An analogue of this experiment has been published by Hendrickson 
and Schroeder (1941), who substituted shooting an air rifle at a 
submerged target for the dart-throwing employed by Judd. The 
basic results are the same. The subjects who had been instructed in 
the principle of refraction showed greater transfer than the unin- 
structed control subjects by an amount which increased with the 
completeness of the explanation. The controls yielded a consider- 
able amount of transfer, however. The results differ from Judd’s only 
in showing some positive influence of knowledge of the principle on 
the initial training. 

The generalizations which may carry over from one activity to 
another are very numerous, the important fact here being that they 
do determine transfer. Principles, whether overtly formulated or 
not, influence the solution of successive rational problems (J. C. 
Peterson, 1920); they are an important vehicle of transfer in puzzle 
solution, especially when the subject has analyzed the similarities 
between the first problem and a second (Ruger, 1910); and learning 
a problem with understanding of the relations involved in it has 
higher transfer value than learning without understanding of these 
relations (Katona, 1940; cf. Melton, 1941 ).2° 


20 The value of the concept of understanding in this context is doubtful. 


Operationally, understanding merely means that the individual is able to 
verbalize, more or less clearly, the principle involved. That transfer can occur 
from verbal knowledge or training to performance of a non-verbal nature is @ 
common assumption, which has been demonstrated to be valid (in varying, 
degrees) by Sackett (1934, 1935), Perry (1939), Rubin-Rabson (1941), 
Vandell, Davis, and Clugston (1943), and Baker and Wylie (1950). 


TRANSFER OF TRAINING 329 


The transfer of general principles itself doubtless depends upon 
the complex transfer of previous learning. Thus, while some of 
Judd’s subjects were instructed in the principle of refraction and 
of the prior learning which made instruction 
in the principle effective was not measured. Thus, training to under- 
stand words, training to accept instruction, etc., is a prerequisite to 
Judd’s experiment. If we are merely interested in the matter of 
learning to throw darts at submerged targets, we would undoubt- 
edly find it more economical in time and effort to teach dart-throw- 
ing at every conceivable depth than to teach the habits which are 
prerequisite to the learning of the principle. Fortunately, the habits 
which form a necessary background to the learning of this general 
e an enormously wide applicability for the learn- 
erein lies one of the most powerful adaptive 
n through the development of language. 
s are one of the most important 
vehicles of transfer. It is possible, however, that principles will 
transfer to situations where they are inapplicable and thus result 
in negative transfer (cf. Luchins, 1942). Furthermore, the acquisi- 
tion of a principle does not guarantee that it will be used in other 
situations where it may or may not be applicable. Much quoted va 
support of this are results which show that neatness acquired in 
one kind of work will transfer to other kinds if it is taught asia Cons 
cept or general principle, but not if it is taught as specific to one 
kind of work (cf. Bagley, 1905). The conclusion has frequently 
been reached that the results of school learning may transfer widely 
if taught as general knowledge applicable to other situations than 


the one in which they were learned, but that they need not eo 
They probably will not if they are taught as specific to the particular 
d, 1940). It is probable that 


course material (cf. Coxe, 1924; Strou és 
the transfer of general principles follows the same laws as 
forms of transfer, and that a general principle will transfer (eit her 
positively or negatively ) if the situation in which it is applied is 
highly similar to the one in which it has been learned. It may be 
possible, however, to train individuals to apply general principles 
more widely if specific training is given in that form of behavior 


others were not, much 


principle also hav 
ing of other principles. H 
advantages given to ma 
Nevertheless, general principle 
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and if the learner is taught to analyze similarities between old and 
new situations. 


The Transfer of Modes of Attack 


The carrying over of modes of attack, of general methods, from 
one activity to another constitutes one of the most subtle and im- 
portant vehicles of transfer. It overlaps with the transfer of specific 
responses, the transfer of general principles, and the transfer of 
various “learning sets.” Some of the evidence concerning this type 
of transfer has already been discussed under the heading of “Learn- 
ing to Learn as Transfer of Training.” In practice on successive lists 
of verbal materials by the anticipation method (take Ward’s (1937) 
paper, already mentioned, as an example) the subject learns not 
only the specific words in the different series, but also how to follow 
the instructions, how to look for mnemonic cues, how not to be 
disturbed by failure on any given item, and, in short, how to learn 
in this situation. These modes of response apply nearly equally well 
to any verbal materials learned in this way. In learning successive 
problems of any class, analogous general methods are learned and 
carried over from sample to sample. 

From his study of bilateral transfer, Bray (1928) concludes that 
methods, “tricks,” and modes of adjustment are the primary media 
of transfer from one member to another. Of the same order is 
Munn’s (1932) observation that practice with one hand taught the 
subject how to formulate the problem of what was to be done and 
that certain modes of attack would not work while others might. 
Clearly, these factors will transfer to performance with the other 
hand. Coordinate observations have been made on transfer from 
training in one activity to testing on another one. Coover’s (1916) 
subjects were seldom able to report the exact determinants of trans- 
fer, but he concludes that one factor common to card-sorting and 
typing is the “habit of stripping the essential process of its adventi- 
tious accessories,” together with a more adequate interpretation of 
the instructions and a better control of “attention.” 

In an experiment of the first importance, Woodrow (1927) has 
compared the transfer effects of two different methods of training: 
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Three groups were given six tests of memorization and, after an 
interval of four weeks and five days, six other tests similar in form 
but different in content. The tests were not highly correlated with 


each other. During the interval, a control group received no train- 


ing, a practice group had routine practice in learning poetry and 
nonsense syllables with no instruction about methods of learning, 
and a training group had practice with these materials, plus exten- 
sive instruction in the techniques of memorizing. The conclusion is 
very clear that the instructions in memorizing gave the training 
group a pronounced advantage over the practice group. During the 
equal amounts of time spent in training by these two groups, 
the materials were the same, but, in the training group, some time 
was devoted to the exposition of methods. Similarly, Cox (1933) 
has shown that systematic instruction in methods of assembling and 
taking to pieces an electric lamp holder has much higher transfer 
value than does the same amount of time devoted to uninstructed 
practice alone. The instructions had to do with how to arrange the 
parts on the bench, the optimal modes of observation of the parts, 
and how to organize the movements involved in assembly. Analo- 
gous results have been achieved when specialized instruction has 
been given in methods of studying college course materials (cf. 
Pressey, 1928; Behrens, 1935), and in a host of semi-clinical and 
clinical training situations. 

The variable of instruction in method is continuous with that of 
guidance in learning. Ludgate’s (1923) subjects, who had been 


given various amounts of guidance in one maze, consistently learned 
trials than those who had received no 


ad a selective effect on the 
ng transfer from one 
finds that some forms 


a second maze in fewer 
guidance in the first. The guidance h 
errors made in the second maze. In produci 
ideational problem to another, Waters (1928) 
of guidance in the first problem are superior to unguided practice. 
The method of calling attention to the significant aspects of the 


problem yields clear positive transfer, giving a short statement of 
the principles yields a small amount, while information as to error 
evidently has no differential effect. 

Instruction in analysis, abstraction, and generalization produces 
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a distinct positive transfer to problems requiring reasoning and 
understanding (Barlow, 1937). Likewise, training in outlining trans- 
fers positively to school subjects, influencing both mastery of spe- 
cific content and performance in situations requiring reasoning 
(Salisbury, 1934). Training in the analysis and statement of defini- 
tions transfers positively to other situations (Meredith, 1927), while 
the transfer from training in reasoning provided by problems in 
arithmetic with the emphasis on the principles of solution is con- 
siderable (cf. Stroud, 1940). 

The instances cited are but a few of the observed instances of 
transfer of methods of attack from one activity to another. Some- 
times the transferred methods are explicitly formulated and applied 
by the learners, but more often they are not. It is a common thing 
for a subject to show high positive transfer in terms of method 
without being able to state explicitly the methods he has learned 
and used. Whatever the vehicle of transfer, explicit formulation by 
the learner of what is transferred is not necessary, and, indeed, is 
probably the exception rather than the rule. If any further evidence 
for this statement is necessary, it is provided by the fact that trans- 
fer occurs in animals, where adaptation to a maze situation, the 
formation of “learning sets” and other general factors are important 


vehicles of transfer (Dashiell, 1920; Jackson, 1932; Coppock and 
Mowrer, 1947; Harlow, 1949). 


The Principle of Non-Specific Transfer 


The data which have been presented above may be summarized 
in the statement of a general principle of non-specific transfer. 
A factor, such as a principle or a method, which is non-specific to 
the training situation, tends to be elicited by similar situations, The 
factors implied are general ones, and the statement could as well be 
called a law of general transfer or the principle of the transfer of 
general factors. The word, “non-specific,” has been used to empha- 
size that the transferring factors, although learned in the training 


situation, are not specific to that particular situation or to the 
stimulus-response connections acquired therein. 
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The Transfer of Set 


Transfer of set is a phenomenon related to the transfer of general 
principles and the transfer of modes of attack in that it, also, is a 
general factor. It probably follows diferent laws, however, and 
hould receive separate treatment. In the first place, several 
types of set may be distinguished. Conventionally, set has been used 
to designate the calling into play of a particular, and limited, set of 


learned responses. This transfer is inevitably selective. 
s repertoire of 


hence, s 


previously 
Instead of bringing to a new situation all of one’ 
a few tend to be elicited. Thus, having learned a list 


ay now be required to learn a list of their 
(1943) study of verbal discrimination learn- 
subjects were required to reverse a series of 
verbal discriminations either early or late in training. While the 
reversed groups were inferior to the non-reversed groups, the re- 
versed group which had received more training before reversal 
showed less decrement than the group which was reversed earlier 
in training. Presumably, during original training the subjects 
learned both the correct and the incorrect members of the stimulus 
pairs to be discriminated. When required to reverse these discrim- 
inations (ie., give the previously incorrect members of the pairs) 
the subjects were able to call these habits into play.*? A second type 
of transfer of set is illustrated in the work of Thune (1950a) and 
Hamilton (1950). This work stems from a study of the warming-up 
larly as this has been observed in motor 
f. Bell, 1942; Ammons, 1947a,b; Irion, 1949). 
“Set” in this context refers to the establishment of postural and 
attentive adjustments which facilitate the learning (or retention) 
of a particular activity (cf. Irion, 1948). This type of transfer may 
be illustrated by the results of Thune’s (1950a) experiment. These 
data show that, following the learning of an unrelated list or follow- 
ing the performance of a color-guessing activity that was similar 

21 Other work in this general tradition has been reported by Lewin (1921, 


1922), Norcross (1921), Crafts (1927), Schwarz (1927), Sanderson (1929), 
and Siipola (1935). The reader is also referred to the discussion of set con- 


tained in Chapter VI. 
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of words, the subject m 
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to the learning activity, subsequent learning was enhanced. Amount 
of improvement in the subsequent learning, furthermore, depended 
upon the amount of time devoted to the previous (warming-up) 
activity. Hamilton’s (1950) results indicate that this effect is quite 
transitory, the great majority of the transfer effect being lost well 
within one hour. 

On the basis of these data, a general principle concerning the 
transfer of set may be stated, as follows: If, prior to learning, set to 
perform is induced, rate of learning should be greater than if this 
set had not been induced. Amount of this increase in the rate of 
acquisition should be an increasing function of the similarity be- 
tween the set-inducing task and the learning task, of the amount of 
time devoted to the induction of appropriate set, and an inverse 
function of the time between the two activities. 

The possibility that set factors may operate to produce negative 
as well as positive transfer should not be overlooked. It is possible 
that, by warming up the subject on some incompatible activity, 
subsequent learning could be retarded just as, under the experi- 
mental conditions described by Thune and Hamilton, subsequent 
learning may be accelerated. With reference to this possibility, how- 
ever, no experimental data exist. 


Summary of the Finding on Non-Specific Transfer 


General principles, modes of attack, and various set factors may 
transfer from one learning situation to another. The influence this 
transfer will have depends, of course, upon the appropriateness of 
the principles, methods, or sets to the second learning situation. In 
all cases, however, the transfer is non-specific in the sense that the 
particular stimulus-response connections in the two learning situa- 
tions are relatively independent of this type of transfer. One differ- 
ence between specific and non-specific transfer lies in the fact that 
specific transfer may be expected to manifest itself upon the first 


presentation of the second learning task (at least in some cases), 


whereas non-specific transfer can never do so. A difference may also 


be noted between the transfer of general principles and modes of 
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attack on the one hand, and the transfer of set on the other. 
Whereas both of the former types of transfer require that some 
formal learning occur during the training on the first activity, the 
transfer of set makes no such requirement.”? A further differentia- 
tion between these types of transfer may be made on the basis of 
the temporary nature of the transfer of set. Because of this tem- 
porary nature of set transfer, it is probably of less practical impor- 
tance than other types of transfer. Certainly, its importance is 
limited to transfer situations where one activity follows another in 


fairly rapid succession. 


OTHER CONDITIONS OF TRANSFER 
Amount of Training 


ansfer from previous training depends upon the 
amount of this training. This general fact is, of logical necessity, 
true. The nature of this relationship, however, has been indicated 
by a number of experiments. In the conditioning of the galvanic 
skin response, for example, as the number of reinforcements in- 
creases from eight to forty-eight, both the reinforced and general- 
ized responses increase in amplitude. There is also some indication 
that the ratio of the amplitude of the generalized response to that of 
the conditioned response increases at first and then falls off slightly 
(Hovland, 1937c). In the salivary conditioning of human subjects 
an analogous result appears when a single conditioned stimulus is 
used, but when patterns of stimuli are used, generalization increases 
with continued training (Razran, 1940). With increasing amounts 
of training in a transposition experiment, transfer increases from an 
initially small amount to a high point, after which, with further 
training, it begins to decrease with some subjects at least (Jackson, 


Stonex, Lane, and Dominguez, 1938). 


Amount of tr 


22 Jn rote leaming, Thune (1950a) obtained as much transfer of set by the 
use of a color-guessing activity as he obtained by means of the learning of an 
unrelated list. Irion and Wham (1951) report that the rhythmical naming of 
the first nine digits, in order, serves as a satisfactory warming-up activity for 
the rote serial anticipation learning of nonsense syllables. 
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to the learning activity, subsequent learning was enhanced. Amount 
of improvement in the subsequent learning, furthermore, depended 
upon the amount of time devoted to the previous (warming-up) 
activity. Hamilton’s (1950) results indicate that this effect is quite 
transitory, the great majority of the transfer effect being lost well 
within one hour. 

On the basis of these data, a general principle concerning the 
transfer of set may be stated, as follows: If, prior to learning, set to 
perform is induced, rate of learning should be greater than if this 
set had not been induced. Amount of this increase in the rate of 
acquisition should be an increasing function of the similarity be- 
tween the set-inducing task and the learning task, of the amount of 
time devoted to the induction of appropriate set, and an inverse 
function of the time between the two activities. 

The possibility that set factors may operate to produce negative 
as well as positive transfer should not be overlooked. It is possible 
that, by warming up the subject on some incompatible activity, 
subsequent learning could be retarded just as, under the experi- 
mental conditions described by Thune and Hamilton, subsequent 
learning may be accelerated. With reference to this possibility, how- 
ever, no experimental data exist. 


Summary of the Finding on Non-Specific Transfer 


General principles, modes of attack, and various set factors may 
transfer from one learning situation to another. The influence this 
transfer will have depends, of course, upon the appropriateness of 
the principles, methods, or sets to the second learning situation. In 
all cases, however, the transfer is non-specific in the sense that the 
particular stimulus-response connections in the two learning situa- 
tions are relatively independent of this type of transfer. One differ- 
ence between specific and non-specific transfer lies in the fact that 
specific transfer may be expected to manifest itself upon the first 
presentation of the second learning task (at least in some cases)» 
whereas non-specific transfer can never do so. A difference may also 
be noted between the transfer of general principles and modes of 


TRANSFER OF TRAINING 335 


and the transfer of set on the other. 
types of transfer require that some 
on the first activity, the 
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tion between these types of transfer may be made on the basis of 
the temporary nature of the transfer of set. Because of this tem- 
porary nature of set transfer, it is probably of less practical impor- 
tance than other types of transfer. Certainly, its importance is 
limited to transfer situations where one activity follows another in 


fairly rapid succession. 


OTHER CONDITIONS OF TRANSFER 


Amount of Training 


Amount of transfer from previous training depends upon the 


amount of this training. This general fact is, of logical necessity, 
true. The nature of this relationship, however, has been indicated 
by a number of experiments. In the conditioning of the galvanic 
skin response, for example, as the number of reinforcements in- 
creases from eight to forty-eight, both the reinforced and general- 
ized responses increase in amplitude. There is also some indication 
that the ratio of the amplitude of the generalized response to that of 
the conditioned response increases at first and then falls off slightly 
(Hovland, 1937c). In the salivary conditioning of human subjects 
an analogous result appears when a single conditioned stimulus is 
used, but when patterns of stimuli are used, generalization increases 
with continued training (Razran, 1940). With increasing amounts 
of training in a transposition expe? t, transfer increases from an 
Initially small amount to a high , after which, with further 
training, it begins to decrease with some subjects at least (Jackson, 


Stonex, Lane, and Dominguez, 1938). 
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As the number of repetitions given the training list in Bruce’s 
(1933) experiment increased, amount of positive transfer increased 
under the conditions which favored positive transfer. Under condi- 
tions which initially favored negative transfer, the sign of the 
transfer shifted from negative toward positive. Siipola and Israel 
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Fic, 35. PERCENTAGES OF Positive AND or NEGATIVE Transren PLOTTED 
AGAINST NUMBER OF PRACTICE TRIALS IN THE First TASK 
(From Siipola and Israel, Amer. J. Psychol., 1933, 45, p. 217) 

Figures just above the base line indicate average trials for each of the four 


stages of training provided. The second or test task was regarded by the authors 
as having been “barely mastered.” 


(1933) have found, likewise, that in code-learning under conditions 
designed to yield interference, negative transfer appears with low 
degrees of training on the first task, but that this gives way to pos% 
tive transfer when the amounts of training become greater (Fig. 35). 
Earlier, Bair (1902) had reported that, in simple activities, inter- 
ference decreases as the learning of the initial habit increases, until 
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finally there may be a shift to positive transfer. By way of a different 
procedure, Kline (1921) arrived at a similar conclusion. This con- 
clusion is also supported by the findings of Underwood (1945, 
1949) regarding the learning of the second list in a proactive 
inhibition design following varying amounts of prior learning.” 
Over a considerable range of activities and conditions, then, condi- 
tions yielding negative transfer do so when the training activity is 
learned to a relatively low degree, but as training increases the 
amount of negative transfer diminishes and may be superseded by 
Positive transfer. It is evident that this effect may be due, at least 
in part, to a transfer of warming-up effects from the prior training 
(cf. Thune, 1950a). 

The data of Siipola and Israel suggest the further conclusion that 
the result is a function not only of degree of training on the original 


activity but also of the stage of practice on the material of the test. 
ative transfer is greatest when 


There is a strong suggestion that neg: 
d test activities are similar 


the degrees of learning of the training an 
(Siipola and Israel, 1933; Melton and Irwin, 1940; Sears and 


Hovland, 1941). The small amount of evidence available on positive 
transfer as a function of degree of original training shows it to 
increase as amount of training is increased (Ho, 1928; Cook, 1936). 

In the case of non-specific transfer of set to perform, the same 
general relationship appears to obtain. Thune’s (1950a) data clearly 
indicate that the amount of obtained transfer (of this kind) is a 
function of the amount of time devoted to the performance of the 


Preliminary warming-up activity. 


The Locus and Duration of Transfer Effects 
\ 


s When transfer is measured by the speed by which the test activity 
is acquired, for how long during practice on the test does this 
transfer effect continue to appear? In many cases of positive trans- 

a higher level of 


fer, the trained subjects begin the test activity at 


ik with animals are the papers by 
1932). Some of this effect may be 
the prior training (Thune, 19502). 
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performance as a result of the preliminary training. This advantage 
over the controls continues for some time and may continue until 
the criterion is reached. Even if it disappears after a number of 
trials, the diminished time and errors during the early trials repre- 
sent significant positive transfer (cf. Webb, 1917; Bray, 1928; T. W. 
Cook, 1936). 

Müller and Schumann (1894) have suggested that negative trans- 
fer (associative inhibition) might be a transient phenomenon which 
vanishes after a few trials. Several later investigators have found 
this to be the case. For example, Underwood’s (1945, 1949) data on 
proactive inhibition are interpretable in this way. The extent to 
which this occurs may be a function of the relations between the 
training and the test activities, for Melton and Von Lackum (1941) 
have found that the percentage of proactive inhibition (negative 
transfer) decreases steadily from Trial 2 to Trial 5 in the learning 
of a second list of similar consonant syllables, while a dissimilar list 
shows no measured interference. 


Practice in Successive Transfer Situations 


The results of practice on more than two successive samples of 
the same class of material demonstrate that cumulative transfer 
effects appear at a decelerated rate. Since the days of Münsterberg 
(1889) and Bair (1902) it has been known that frequent shifts from 
one habit to another may cause the interference effects to decrease 


24 Webb’s curves for positive transfer from one stylus maze to another show 
that the learning of the second maze begins at about the level attained on toe 
fifth trial of practice without the presence of transfer, and that the locus © the 
transfer is largely confined to the first five trials. Hunter (1922) has objecte 
to this conclusion on the ground that it does not follow when trials represe” 
different fractions of the total learning effort required to reach a criterion. 
Hunter has applied a Vincent curve method to data of his own on negative 
transfer and has found that the experimental subjects begin at a lower leve te 
performance, but that by the first half of the practice on the second activity 
the curves for the experimental and control groups are coincident. The use Gi 
Vincent curves shows the fraction of the total learning time during whic 
transfer effects appear, but it may be questioned whether failure to use them 
invalidates the conclusions from data which have not been treated in this 
fashion. Rather, these techniques represent two different methods of represent- 
ing the duration of transfer effects. 
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and sometimes to vanish altogether. This conclusion is illustrated 
also in the experiments on alternating activities (cf. Culler, 1912; 
Stroop, 1935), and in the learning of successive reversal problems 
(Harlow, 1949). 

The fact that practice on successive interfering associations may 


decrease the interference suggests the conditions under which ab- 


stract concepts are formed. In concept formation a single feature, 


such as squareness, originally associated with many square objects, 
each in turn possessing different properties, becomes detached from 
the specific settings and is treated as an independent characteristic. 
The occurrence of abstraction in this manner, which James (1890, 


P- 506) has called the law of dissociation by varying concomitants, 


is, in part, an illustration of freedom from interference as a result 


of practice on varied transfer situations. 


The Time Interval between the Training and the 
Test of Transfer 


: Any measure of retention, including the test of transfer of train- 
ing, may be made at any time after the completion of original train- 
ing. The curve of transfer as a function of time since training is 
especially interesting because the retention curves for the training 
Material, as measured by the other measures of retention, are nor- 
mally falling, and therefore the associative strengths of the originally 
learned material are less by these measures. Will amount of transfer 
also decline? This is the same as asking whether the subject’s ability 
to use on one material what he has learned on another will decline 
with decreases in the otherwise measured retention of the first 


material, 
aterial one ten-letter Peterson Rational 


Using as his training m 
rfect trials, and 


Learning Problem learned to a criterion of two pe 
a his test material another ten-letter problem learned to the same 
criterion, Bunch (1936) has found that amount of transfer from the 
first problem to the second is independent of the lapse of time up 
to an interval of 90 days. One group of college students learned the 
Second problem immediately after the first, while other groups 
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learned the second at intervals of 2, 14, 30, and 90 days after the 
first. By using still other groups, the retention curves for the first 
problem were determined by the saving method. The curves for 
saving in the first (training) problem fall, while those for transfer 
from this problem to the second one show no regular or significant 
change with time (Fig. 36). The two methods of measuring reten- 
tion thus show different variations with elapsed time. 


PERCENTAGE SCORES 


02 l4 30 90 


TIME IN DAYS BETWEEN TRAINING 
AND TEST PROBLEMS 
Fic. 36. Savinc N Fins RATIONAL LEARNING PROBLEM AND TRANSFER TO 
SECOND RATIONAL LEARNING PROBLEM ( Errors ) 
(From Bunch, J. comp. Psychol., 1936, 22, p. 332) 


Bunch and McCraven (1938) have performed two similar experi- 
ments with paired nonsense syllables, allowing intervals of 0, 2, 14, 
and 28 days to pass between the first learned (training) list and the 


Q 
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second (test) list. Again, amount of transfer does not vary with 
time, and the transfer curves are, in effect, straight lines paralleling 
the time axis. The curves for percentage of transfer in terms of both 
time and errors rise slightly from an immediate test to a test after 
two days, thus suggesting a reminiscence phenomenon, but this 
increase is not significant. 

In spite of the fact that the retention curves for the training 
materials, measured otherwise than by transfer, are falling, reten- 
tion as measured by the transfer method does not decline. Whatever 
of the training the subject uses in the test has not been lost during 
the intervening time. It is a plausible hypothesis that the transfer 
to the second problem has been chiefly in terms of general factors, 
such as modes of attack, which are presumably more resistant to 
forgetting than are specific items. On the other hand, Hamilton’s 
(1950) results indicate that one type of non-specific transfer (trans- 
fer of set to perform) occurs over only short periods of time. This, 
in fact, is one of the reasons for believing that transfer of set is 
different from other forms of transfer. 

There are many problems connected with the retention of trans- 
fer effects which need to be worked out. In particular, the relation- 
ship between time and transfer needs to be investigated over a 


Considerably wider range of learning situations.*° 


GENERAL INTERPRETATIONS OF TRANSFER 


There can be no doubt that transfer, both positive and negative, 
Occurs. Beyond the very first period of life, transfer determines, in 
Part, the rate of learning of each new activity which the individual 


animal subjects are worth mentioning. 
Ho (1928) obtained no consistent variation of transfer with time interval, thus 
corroborating the results obtained on human subjects. Bunch and Rogers (1936) 
nd transfer to be greatest when 1 and 7 days separate the training and test 
mazes, least when a zero interval and 14 days separate them. When training is 
to partial mastery of a maze, transfer is greater after 2 days than immediately, 
and from that point to 120 days there is virtually as much transfer as imme- 
diately (Bunch and Lang, 1939; cf. also Bunch, 1941). Using a second habit 
which is antagonistic to the first, transfer in terms of trials is negative when 
the second habit is learned immediately and after 2 and 7 days, but in terms 
of both measures becomes positive when the learning of the second habit is 
after 12 and 28 days (Bunch, 1939). 


°° The results on this problem with 
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learned the second at intervals of 2, 14, 30, and 90 days after the 
first. By using still other groups, the retention curves for the first 
problem were determined by the saving method. The curves for 
saving in the first (training) problem fall, while those for transfer 
from this problem to the second one show no regular or significant 
change with time (Fig. 36). The two methods of measuring reten- 
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PERCENTAGE SCORES 


02 14 30 90 


TIME IN DAYS BETWEEN TRAINING 
AND TEST PROBLEMS 


Fic. 36. SAVING IN First RATIONAL LEARNING PROBLEM AND TRANSFER TO 
SEcoND RATIONAL LEARNING PROBLEM ( Errors) 


(From Bunch, J. comp. Psychol., 1936, 22, p. 332) 


Bunch and McCraven (1938) have performed two similar experi- 
ments with paired nonsense syllables, allowing intervals of 0, 2, 14 
and 28 days to pass between the first learned (training) list and the 


TRANSFER OF TRAINING 841 


second (test) list. Again, amount of transfer does not vary with 
time, and the transfer curves are, in effect, straight lines paralleling 
the time axis. The curves for percentage of transfer in terms of both 
time and errors rise slightly from an immediate test to a test after 
two days, thus suggesting a reminiscence phenomenon, but this 
increase is not significant. 

In spite of the fact that the retention curves for the training 
materials, measured otherwise than by transfer, are falling, reten- 
tion as measured by the transfer method does not decline. Whatever 
of the training the subject uses in the test has not been lost during 
the intervening time. It is a plausible hypothesis that the transfer 
to the second problem has been chiefly in terms of general factors, 
such as modes of attack, which are presumably more resistant to 
forgetting than are specific items. On the other hand, Hamilton’s 
(1950) results indicate that one type of non-specific transfer (trans- 
fer of set to perform) occurs over only short periods of time. This, 
in fact, is one of the reasons for believing that transfer of set is 
different from other forms of transfer. 


There are many problems connecte! 
fer effects which need to be worked out. In particular, the relation- 
ship between time and transfer needs to be investigated over a 
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mazes, least when a zero interval and 14 days separate them. When training is 
to partia] mastery of a maze, transfer is greater after 2 days than immediately, 
and from that point to 120 days there is virtually as much transfer as imme- 
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Which is antagonistic ta a first, transfer in terms of trials is negative when 
the Second habit is learned immediately and after 2 and 7 days, but in terms 
of both measures becomes positive when the learning of the second habit is 


after 12 and 28 days (Bunch, 1939). 
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acquires. It occurs in the form of stimulus generalization, that à 
learned response, once connected with a particular stimulus condi- 
tion, will also be elicited by other, similar stimuli. It occurs, also, in 
the form summarized by the law of response generalization, that 
a stimulating condition, once connected with a particular response, 
will also elicit other responses which are related in some way to the 
first one. It appears in the learning of a single task, in the learning 
of successive tasks of the same sort, and between the learning of 
different types of tasks. It may also appear in the form of transfer 
of general factors such as general principles, sets, and modes of 
attack which may be common to the activities involved. 

Given the facts of transfer, how are they to be formulated in @ 
sufficiently general way to unify them and to permit prediction? 
Theories of transfer are chiefly theories about what is retained from 
training and used to facilitate or inhibit learning in new situations. 
They differ, thus, from theories of forgetting, which formulate the 
conditions under which retention fails in test situations which are 
often very little different from those of original learning. On the 
other hand, the findings on transfer are intimately related to the 
findings on forgetting as a function of altered stimulating conditions. 
It will also be noted (Chapter X) that negative transfer of training 
may be considered as one of the fundamental conditions of the 
forgetting process.?& 


A Theory of Transfer by Identical Elements 


The only theory of identical elements to arouse widespread atten- 
tion and discussion is the one formulated by Thorndike (1914): 
It asserts that training in one activity influences another activity 


26 Not all theories of transfer will be covered in this section. The point of 
view representing the doctrine of formal discipline, together with the faculty 
theory of mind on which it has often been made to rest, fails so completely © 
experimental support that there is no need to discuss it. Discussions of the 
doctrine of formal discipline will be found in Thorndike (1914) and Sandifor 


has not been supported, and, in any case, lacks generality. An article M 
Woodrow (1939), reporting that subjects acquired no increased general verba 
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only insofar as the two have elements or aspects in common. Thus, 
training in addition transfers to multiplication because addition is 
necessary to multiplication—that is, is identical with one phase of 
multiplication—plus the fact that other events, such as eye-move- 
ments and resistance to other stimuli outside the problem, are 
common to the two activities. 

For Thorndike, all learning consists in the modification of connec- 
tions between situations and responses, but these two terms may 
vary from great specificity to great generality. Connections may be 
between such relatively simple terms as one word and another, as 
in the learning of vocabulary, or they may involve very abstract or 
subtle or general situations, which may be identical elements in two 
otherwise different situations. The essential fact is the identicality. 
In view of the inclusive range of events which Thorndike regards 
as “elements,” the critics’ charges of atomism are difficult to under- 
stand. Thorndike’s elements may often be amorphous, but they are 
not “atoms” in any ordinary meaning of that metaphor. They seem 
to mean any clearly discriminable aspect of two activities which is 
the same in each.2* 

This theory has been severely criticized, but more often at the 
level of the systematic point of view which it is taken to represent 
than at the level of the experimental data (cf. Orata, 1928; Cook, 
1936; Allport, 1937). It has also been widely accepted. If the theory 
holds that transfer is a function of identities only, it is fragmentary 
and inadequate, although it will fit some of the data. Thorndike 
uses the word, “identity,” but he writes as if he intended the theory 


28 


to cover more than strict identity. 


2T There are, in one sense, no identities; there are only objects and events 
which may be classified in the same way. No event is ever repeated identically. 
+*Pcrimentally, however, stimuli and responses may be called “identical” when 
hey are not discriminable by an independent set of operations. 
rA Although Guthrie (1935, p. 183) virtually denies that a general theory of 
transfer is possible, it is interesting to note that his general theory fits very 
well with an identical elements point of view. It is possible to explain transfer 
of training in Guthrie’s terms by asserting that amount of transfer will depend 
pon the number of “conditioners” in common between the two learning tasks. 
his Position would be consistent with Guthrie’s point of view concerning other 
Matters such as forgetting or his explanation of the gradual improvement in 


Performance with practice. 


344 THE PSYCHOLOGY OF HUMAN LEARNING 


A Theory of Transfer by Generalization 


It can be said with assurance that transfer is a function of the 
relations between the already learned activities and the subsequent 
activities which are in the process of being learned. The experi- 
mental work already described has laid the foundations for the 
ordering of these relations along certain fundamental dimensions. 
Stimulus generalization diminishes as the test stimuli are moved 
away from the training stimuli along dimensions of pitch or loud- 
ness (Hovland, 1937a, b) or spatial distance (E. J. Gibson, 1939). 
Analogous equivalence of stimulation varies with both the kind and 
amount of alteration in the pattern of visual stimulation (McKinney 
1933) and is a function of similarity of pattern (Leeper and Leepet 
1932; Wolfle, 1935). Transfer of a naming response from ane 
stimulus to another is a function of both degree and locus of identity 
of spelling of the stimulus syllables (Yum, 1931). In analogous 
experiments it also varies with the degree of resemblance or similar- 
ity, increasing as similarity increases (Yum, 1931; Gulliksen, i 
E. J. Gibson, 1941). Thus, it seems safe to say that the tendency © 
an individual to make a previously learned response in a new learn- 
ing situation depends upon the similarity between the stimuli in the 
two tasks. The occurrence of a previously learned response may be 
appropriate or inappropriate in the new learning situation, howeve™ 
Under circumstances where such responses are appropriate, positive 
transfer will occur. Where these responses are not appropriate, 
negative transfer will result. 

It is probable, also, that amount of response generalization is 4 
function of the amount of similarity between the responses in the 
training and test activities. Thus, if both the responses and the 
stimuli involved are highly similar, positive, transfer is likely t° 
occur. Response generalization depends, in part, however, upon the 
nature of measurement in the learning situation. : 

Wylie (1919) and Bruce (1933) have stated this general thesis» 
but in terms of the identity of stimuli and responses. Thus, we have 
two situations, the first determining positive transfer and the secon! 
determining negative transfer. In both, the terms A and B are first 
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connected with each other. When a new stimulus term is to be 
connected with the old response term, positive transfer results; 
when the old stimulus term is to be connected with a new response 
term (this will be recognized as the Miiller-Schumann paradigm for 
associative inhibition) negative transfer results. These relationships 


are diagrammed below: 


Positive Transfer Negative Transfer 


A 
———— ee: 


The extension of these paradigms to include “similar” stimuli and 
responses may be attributed to the empirical findings on stimulus 
and response generalization and to the theoretical work of Spence 
(1987), E. J. Gibson (1940, 1941), Osgood (1949), and Gagné, 


Baker, and Foster (1950), among others.*” 
It is to be recognized that other variables than stimulus and 


response similarity play a role in determining transfer of training. 
Amount of original learning, time between training and test, the 
nature of the task to be learned, and other conditions of practice 


will also partially determine amount of transfer in any given 
instance, The exact mode of operation of these and other variables, 


however, cannot be stated with precision at the present time. 
The net transfer which our measurements give us 18 seldom the 


cerned with only special groups of transfer phe- 
nomena, because an adequate exposition of their logic requires more space 
than can be given them here, and because they derive primarily from work 
with animals, Hull’s miniature systems will be no more than mentioned. These 
systems are important in their own right, and also because they have served as 
models for much of the theoretical work which is mentioned above. In his 
Systematic attempt to account for stimulus equivalence, Hull (1939) includes 
Partial physical identity of the stimuli as one of his basic mechanisms and 
thus overlaps a theory of identical elements. His concept of the habit-family 
hierarchy (1934) covers response equivalence, and his paper on the mechanisms 
of the assembly of behavior segments is of high importance for a theory of 
transfer (1935), Further work may demonstrate that these systems can embrace 


wide ranges of data from human subjects, and, as they stand, they represent 


a serious attempt to give a scientific explanation of many transfer phenomena. 
Advanced students of learning should be thoroughly acquainted with these 


Papers, 


29 
Because they are con 
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result of a single factor. This is particularly true ın complex learning 
situations where transfer is apt to be a residuum after positive and 
negative factors have been balanced. The net result may be positive 
transfer in spite of the fact that the retained effects of the first 
activity clearly interfere with parts of the second activity. Thus, 
using as the test activity a code in which stimulus items were identi- 
cal with those in the training series and, therefore, designed to pro- 
duce interference, Siipola (1941) finds a net positive transfer effect, 
but at the same time, large numbers of reversion errors—that is, 
movements in the direction learned in the training series. The nega- 
tive influence of these errors, however, has been outweighed by 
the action of positive factors, presumably general ones of method 
and set. 


The Generality of Transfer 


It has been necessary to disregard, thus far, the wider relations 
of the facts and to write about transfer as if it were an isolated 
phenomenon. No datum, however, stands alone; all are interrelated 
to make up the complex universe of learning. The systematic rela- 
tions of transfer to other categories of learning are so pervasive and 
important that some of them should be made explicit here. 

After small amounts of learning early in the life of the individual, 
every instance of learning is a function of the already existent 
learned organization of the subject; that is, all learning is influenced 
by transfer. A few illustrations will suggest its pervasiveness. The 
initial status of an individual in any activity he is beginning is a 
composite of positive and negative transfer effects, and his status 
for some time thereafter may be heavily influenced by these effects- 
He has never practiced the act before, but nevertheless he does not 
begin at zero, because the act demands many responses he already 
has in his repertoire. Consider a college student who has neve? 
typed a line in his life and who now begins practice at typing: 
Although he has had zero direct practice, he has had a vast amount 
of indirect and applicable practice. He knows the alphabet, how t° 
understand the instructions given to him, how to make the requisite 
coordinations of individual fingers, how to read and spell (in the 
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which he needs to know in order 


majority of cases), and much else 
coordinate into a smoothly 


to type and which he must now only 


functioning series of responses. 
The influence of transfer is especially great in determining rate 
of learning as a function of the character of the material, as a func- 
tion of age, and as a function of sex. It does not occur only from 
step in successive trials 


one activity to another, but appears at every 
within a single activity. The responses at successive trials produce 
d in exactly that form. These 


patterns of stimuli not before receive 
differences are usually smaller than those between activities, but 


they are still considerable. As a result of progressive response to 
f prior learning on the pre- 


changing stimulus situations because © 
ceding trials, a learning curve is also a curve of cumulative transfer. 
This is a further specification of the statement made in Chapter I, 
that a learning curve is, in part, a curve of cumulative retention. 
The learning of complex, abstract, meaningful materials and the 
solution of problems by means of ideas (reasoning) are to a great 
extent functions of transfer. Where the subject “sees into” the funda- 
mental relations of a problem or has “insight,” transfer seems to be 
a major contributing condition. It is, likewise, a basic factor in 
originality, the original and creative person having, among other 
things, unusual sensitivity to the applicability of the already known 
to new problem situations. Perceiving, at whatever level, = probably 
never free of the influence of transfer. In a word, there is no com- 
plex psychological function or event which is not in some way a 
function of transfer of training: 
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haus curve of retention for nonsense syllables, obtained by the 
saving method after he was almost certainly at a practice level,” 
falls rapidly from the completion of learning to the first point of 
measurement (19 minutes), after which time only 58.2 per cent of 
the original learning time is saved. In negative terms, this means 
that 41.8 per cent has been forgotten. From this point onward, the 
curve falls at a decelerated rate until, after 31 days, there is a saving 
of 21,1 per cent or a forgetting of 78.9 per cent. 
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(From data of Ebbinghaus, Memory, p. 76) 


Most curves of retention for nonsense syllables, measured by 
relearning and saving, agree in showing a negatively accelerate 
form. The fact that many of them agree, not only in the form of the 
curve, but also in the percentages of saving, is the more importa” 
in view of the differences in experimental conditions which have 
existed.? It may be concluded that, over a wide range of condi- 
tions, the course of retention for nonsense syllables may be repre" 


1 Tt will be recalled that Ebbinghaus used but a single subject, himself. 

2 Cf. Finkenbinder (1913), Luh (1922), and Van Ormer (1932). E oie 
under different conditions of measurement, such as the use of recall or Saat 
struction, the general form of the curve is often obtained (cf. Luh, 1922; 2 
Bean, 1912). 
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sented by a curve which has its most rapid fall during the time 
immediately after the cessation of practice and which declines more 


and more slowly with increasing interval.” 

The retention curves for the verbatim memory of meaningful 
materials may run at different heights from those of nonsense syl- 
lables, but most of them fall with relative rapidity during the period 
immediately after the end of practice and at a Jedine rate there- 
after. The decelerating curve in Figure 38, which runs at a relatively 
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genet must be regarded as an exception to this 
po ization, Reminiscence was not obtained in the studies listed above, 
mn because all of these experiments employed a fairly long interval be- 
transit earning and the first measurement of retention. Reminiscence 1S quite 
id th oy in this type of learning situation (Ward, 1937) and, had it occurred 

ese experiments it would have dissipated before the first retention measure 


Was made. 
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recall score was taken as the 100 per cent point and the delayed 
recalls expressed as per cents of the immediate recalls. Retention 
curves for poetry and for prose material seem to follow the same 
general course. Similarly, the curve obtained for memory of content 
or substance seems to show a negatively accelerated curve (Dietze 
and Jones, 1931) as shown in Figure 39. This general curve form 
was also obtained by Briggs and Reed (1943). Stroud (1940) has 
reviewed the work on retention of school subjects and concludes 
that a negatively accelerated retention curve is most commonly 
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Fic. 39. A RETENTION Curve (RECALL) FOR THE CONTENT OF Factual 
Prose READ BUT ONCE 
(From Dietze and Jones, J. educ. Psychol., 1931, 22, p. 670) 
Only the intervals after which measurements were made are listed on the 


abscissa. 
found. From an inspection of the curves in Figures 37, 38, and 39, 
it will be seen that, as the meaningfulness of the material increases, 
rate of forgetting becomes slower and the lower asymptote of the 
retention curve appears to rise. This is probably a valid conclusion 
concerning retention, though no systematic study of this relationship 
has been accomplished.* 

Perceptual-motor acts vary quite widely in the degree to 
they are subject to verbal control. The retention of some perceptual- 


which 


retention 
how 
il- 


4 This conclusion, of course, applies only to verbal learning. The 
value of perceptual-motor acts is very high and conditioned responses $ 
little decline over long periods of time if extinction trials are not given. ( 
gard and Campbell, 1936). 
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motor skills, then, will reflect the retention of verbal habits. In other 
cases, however, verbal retention probably plays a very minor role. 
In general, the retention of perceptual-motor habits is quite high. 
The most systematic study in this field is that of Tsai (1924) upon 
the retention of a stylus maze habit. The maze was learned by 
massed practice to a criterion of 3 successive, perfect trials and was 
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(From Tsai, Comp. Psychol. Monogr., 


relearned to the same criterion after intervals of from 1 to 9 weeks 
by different groups of subjects at each interval. The saving scores 
for trials, time, and errors are shown in Figure 40. This study suffers 
from the fact that maze habits are quite subject to verbal control. 
Nevertheless, the conclusion to be drawn from Tsai’s data, that the 
Tetention value of perceptual-motor habits is high, is warranted. 
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important factor. It can hardly have been the major condition of 
the other experimental results cited. 

Allowing in all of these cases for some incidental rehearsal during 
the retention intervals, and recognizing that in many cases the ex- 
periments were not designed to measure long-time retention and 
that, therefore, the later measurements were made under less well- 
controlled conditions, we must still conclude that under many cit- 
cumstances there may be measurable retention over periods as long 
as several years, and perhaps as long as 46 years. Although expe?” 
mental evidence is largely lacking for the longer intervals of time, 
this conclusion would receive rich support from clinical findings. 


Retention under Abnormal Conditions 


The clinical literature contains numerous references to temporary 
hypermnesia—that is, to heightened recall of experiences which had 
occurred a considerable time before. Hypermnesia occurs in manic 
states, in moments of danger, while going under an anaesthetic» 
and in some states of delirium. The clinical findings imply an even 
longer retention than the experimental measurements show. 

Stratton (1919) has described a number of cases of what he f 
retroactive hypermnesia, in which the subject has clear recall © 
stretches of experience during the hours immediately preceding 
some shock, usually an emotionally exciting one. Many of the details 
thus reinstated are of the kind not ordinarily recalled at all. These 
cases are important here, not only because the recall takes place 
after a long interval, but also because things commonly perceive» 
but not recalled in the meantime, are affected. The implication 1S 
that much of experience leaves an effect on the organism and may 
be recalled (at least under special conditions), although it occurs 
but for a moment and in the meantime has not been rehearse™ 
This suggests that the limits of the learning and retention ot ee 
perience may be much more remote than is often supposed. 

Under hypnosis there may be a heightened recall, both of past 
formal learning and of everyday experience (Stalnaker and riddle, 
1932; Hull, 1933) and even of recently learned meaningful poetty 


calls 
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(White, Fox, and Harris, 1940). Similarly, Pascal (1949) finds that 
a relaxation technique employing waking suggestion brings about 
greater retention. Psychoanalysts assert that the analytic use of free 
association can elicit the recall of experiences which date back to 
very early childhood and which the subject has not reinstated for 
many years. Under normal conditions of recall, items may be 
elicited which go back to the second, third, and fourth years oF life 
(Gordon, 1928; Dudycha and Dudycha, 1933, 1941). 

There is small question that the temporal limits of retention are 
much higher than the experimental measurements made with word 
lists and similar materials imply. Much that is perceived but once 
and seldom, if ever, reinstated thereafter may be retained and may, 
under the proper conditions, be recalled. 

This raises the question of whether forgetting is ever complete— 
whether, that is, the limit of retention is the life span of the indi- 
vidual. It would certainly seem that many retention curves become 
asymptotic to values greater than zero. The long retention of early 
experiences, the heightened recall under abnormal conditions, and 
the clinical evidence concerning the recovery of early experiences 
under psychoanalytic treatment all point to the relative permanence 
of much that we learn. It may be, also, that there are more general 
effects of practice, such as the building up of generalized modes of 
response, transfer effects to other activities, and the like, which are 
retained indefinitely. It is, therefore, probably safest to conclude 
with James (1890) that “nothing we ever do is, in strict scientific 


literalness, wiped out.” 


Qualitative Changes in Retained Activities 


the dominant concern of studies 
of retention has been the objective measurement of amounts re- 
tained and the influence of controlled conditions upon them. There 
are, however, qualitative changes in retention which tend to be- 


come overlooked in the quantitative studies. Not only is less recalled 
as time goes on, but what is recalled becomes changed or distorted. 


Early studies of the qualitative aspects of retention were concerned 


Since the days of Ebbinghaus, 
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with the memory image. Other qualitative events were reported, 
but through the protocols of introspection ran the dominant thread 
of the image. The problem has become wider than this, however, 
and includes such matters as the changes which take place with 
repeated and serial reproduction of material, 

Certain reportable events often accompany the process of re- 
membering. The usual method of studying these is to present the 
subject with a series of items, such as forms or words, and, after 
varying intervals, to ask for reproduction or recognition. This is 
followed by a request for a report on the subjective events accom- 
panying the responses elicited. The introspective protocols reveal a 
context of reported material, much of which has no apparent con- 
nection with the materials learned. These reported events may be 
useful mnemonic devices employed by the subject or they may be 
the results of transfer of training, that is, free associations resulting 
from the subject’s individual past experience. At any rate, they vary 
from subject to subject and from condition to condition within 4 
single subject, and a judgment can seldom be formed of the extent 
to which they act as determiners of the objective responses on @ test 
of retention. 

The events reported are images, mainly visual and auditory; 
sensory context, such as kinaesthetic strains; and verbal context, 
usually associated in some way with the experimental situation. Less 
often reported, but almost certainly often present, is a set or attitude 
which gives direction to the reported events. Feelings of familiarity 
or unfamiliarity, of recognition or the lack of it, are often present 
regardless of the method by which retention is being measure® 
Each reported event may be tinged, also, with pleasantness O" upr 
pleasantness. 

Kuhlmann’s (1906) work on the reproduction of meaningles* 
visual forms is an illustration of the complex interplay of difficulty 
of reproduction and the qualitative events which appear. If the form 
could readily be reproduced, a visual image might not be recalled i 
advance, though parts might be visualized during the constructio” 
of the drawing. The subject might draw more difficult forms 3° 
well as he could from visual imagery and then resort to recognition 
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to decide upon the degree of correctness. Verbal associations some- 
times preceded and aided in eliciting imagery; sometimes the 
imagery elicited the words. More recently, Jenkin (1935) has found 
words to be the chief medium for the recall of visual figures by both 
children and adults, and visual imagery to be a distinctly secondary 


device. 

There is one class of imagery, 
clarity approaching that of perception. Eidetic imagery is largely 
confined to children, and has been little studied in the context of 
other experiments on retention. It stands, however, as an interesting 
form of retention, usually immediate. The subject is shown a com- 
plex picture for a brief period (usually less than a minute), after 
which he recalls it in some detail, apparently by projecting it on a 
gray mat or other surface and observing the projected image. The 
eidetic subject may recall more completely than does the noneidetic 
subject, although he does not always do so.’ 

Philippe (1897) made an investigation, now become classical, of 
the alterations in qualitative retention with the passage of time. 
The learning materials were five objects, tactually presented, and 
retention was tested by reproduction in drawings. With time, details 
dropped out one after another, until finally, individuality was lost. 
At the same time the drawings became more generalized and ap- 
proached a type representing an object apparently better known or 
more familiar than the original. These conclusions have been ex- 
tended by a series of later investigations. Crosland (1921), using 
such materials as pictures and drawings, concluded that, in addition 
to the complete failure to recall anything, forgetting illustrates the 
Operation of two reciprocal processes. The first pžocess is disintegra- 
tion and loss of detail, with which goes a typification of the type 
described by Philippe. The second process is assimilation, a pro- 
gressive selection and addition, whereby the reproduction becomes 
different from the original. It is interesting that the changes under- 
gone in this academic and intellectualistic experiment would re- 
semble the Freudian dynamisms of condensation displacement, 


dramatization, and secondary elaboration. 


called eidetic imagery, which has a 


* References to work on eidetic imagery will be found in Woodworth (1938). 
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Over the past twenty years, papers have been accumulating upon 
the qualitative changes in patterns of lines which are drawn suc- 
cessively. Much of the work has been devoted to the gestalt inter- 
pretations of these changes and, in particular, to their statement by 
Wulf (1922). For the present purpose, however, the results will be 
summarized without reference to theory. These experiments have in 
common the presentation of patterns of lines at which the subjects 
are instructed to look carefully with intent to learn. Presentation an 
for relatively short times, e.g., 1.5 to 20 seconds. Reproduction 1$ 
called for soon after exposure and again after varying intervals. The 
characteristics of such reproductions are almost impossible to qua” 
tify, and the conclusions of such research must, of necessity, Test 
upon the interpretation of the experimenter. n 

The character of the specific changes in reproduced figures 15 
almost certainly a function of the original figures, the instructions 
to the subjects, the method and time of presentation, the charac- 
teristics of the subjects, and a number of other variables. In spite 
of the complex conditions which are operating in this situation, how” 
ever, the results show certain uniformities. Unfamiliar or less faiie 
figures tend to be assimilated toward more familiar forms. ew 
character of the changes is a function of verbal analysis, and i 
particular verbal analysis which is made will necessarily be oF 
termined by the prior training and the existent verbal organization 
of the subject. There is also a frequent trend toward increasing 
symmetry and simplicity (cf. Fig. 41).* 

These conclusions freeze in much too stereotyped a form the 
manifold variations which reproduced figures undergo. No two 
reproductions are identical, and upon each one there has been # 
complex play of perceptual and reproductive determinants. an 
results of these studies, however, stand as a vigorous warning na 
the quantitative data which the usual experiments yield do not te 
the whole story of retention. 


® Characteristic references to the work on which this section draws are Mies 
(1922), Gibson (1929), Allport (1930), Perkins (1932), W. Brown qd “ier 
Hall (1936), Hanawalt (1937), Burton and Tueller (1941), and Goldme in 
(1941). A more detailed discussion of these and related data will be foun 
Woodworth (1938). 
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RODUCTIONS OF FIGURES 
1932, 44, p. 482) 


Fic. 41, EXAMPLES OF Successive Rep 
(From Perkins, Amer. J. Psychol., 


Changes in Reproduced Verbal Materials 


, Much of the material learned and retained in the course of daily 
life is difficult to analyze into a series of measurable units. Pro- 
gressive changes in this material are, therefore, difficult to chart. 
Meaningful materials are subject to innumerable variations in spe- 
cific wording, in verbal sequence, in shades of meaning, and the like, 
which are so complex as to defy the usual detailed analysis. The 
best that can be done, on the basis of our present knowledge, is to 
frame classifications which seem to cover large groups of data. 
The studies of the psychology of testimony (Aussage-psycholo- 
gie) ° have characteristically used materials, such as pictures, events, 
Collections of objects, which come close to the common materials 


the field of Aussage-psychologie may be 
ur Psychologie der Aussage, 1903-1906, 


i was largely devoted to this problem. Whipple's Manual (1921) contains 
Somer to other bibliographies and to reviews of the literature. Only a small 
unt of work in this field has been published since 1921. 


° A large sampli i 
f arge sampling of the papers in 
ound in Stern’s journal, Beiträge 7 
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of everyday life. In these studies, the material is presented but once 
for a brief time, whereupon the subject is asked to write a narrative 
or to answer a list of questions on it. After the lapse of an interval, 
he is tested again. Experimenters in this field obtain certain qualita- 
tive results with sufficient frequency to narrow sharply the inevit- 
able penumbra of subjectivity. 

What is observed and fixated in the first place is a function of the 
motivation and set of the subject, and this initial set gives direction 
to the qualitative course of retention through time. Other sets which 
may be operating at the time of later recall in turn exercise their 
influence until, as a result of these factors and the other complex 
determinants of recall, the material as recalled may only partially 
resemble in from the material originally presented. Reports are 
often changed to make the event or material reported conform more 
closely to what the subject considers the fitting or to-be-expected 
occurrence, Descriptions of persons approach some familiar typ® 
unperceived details are filled in to make the narrative more “ra- 
tional” or more acceptable to the subject; and emphases are shifted 
according to similar principles. What the subject takes to be the 
major features are often elaborated and worked over, changes are 
made in the interests of better formal expression, and, in manifold 
other ways, the original is assimilated to the organization of the 
subject and reworked in terms of it. As in the recall of figures, We 
find the trend from the less familiar to the more familiar, the alter- 
ing influence of verbal analysis, and the drift toward a kind © 
symmetry. 

A related and more systematic study of qualitative changes W 
time has been made by Bartlett (1932), whose book, Remembering» 
in which the major experiments are reported, is notable for its 
recognition and documentation of the interrelations among percep“ 
tion, learning, retention, and social psychology. The pattern of his 
experimental procedure follows the experiments already mentioned: 
Meaningful materials, such as pictures, stories, or picture-writing 
were studied by the subjects and recalled, usually after several dif- 
ferent time intervals. As in the case of the Aussage material, a” 
exact recall is the exception rather than the rule. Once the first 


jth 
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recall has been made, the pattern or outline of the material tends 
to persist, but the detailed features vary greatly. The successive 
recalls show a reworking and reduction of the material to a form 


which can be readily and satisfyingly dealt with by the subject. 


Pictorial materials approach more conventional representations, are 


rendered more familiar and recognizable. Those which are readily 
recognizable in the first place undergo simplification which may be 
followed, after several successive reproductions, by elaboration into 
a form which only remotely resembles the original. 

In the reproduction of connected verbal materials (stories), un- 
familiar details either drop out or tend to be changed into more 
familiar words. With frequent reproduction, certain items early be- 
come stereotyped, changing little thereafter, while the processes of 
omission of detail, simplification, and modification toward the 
familiar may go on as long as unaided recall is possible.’° 

The results of one series of experiments by the method of serial 
reproduction, while only secondarily relevant to this section, are 
important for their bearing upon the social diffusion of information, 
the transmission of cultural materials, and the spread of rumor. This 
method differs from the others in that A’s reproduction becomes 
the learning material for B, whose reproduction becomes the ma- 
terial for C, and so on. The repeated reproduction, in this case, is 
from person to person, rather than from time to time by the same 
person, Such serial reproduction is marked by great alterations in 
the material, Although the subjects believe themselves to have re- 
produced the important features with virtually no change, omitting 
only the unessential, the actual variation from the original is great. 


Specific items, such as names and numbers, seldom remain accurate 
3 . 
opinions and conclusions 


through more than a few reproductions; 
may be changed to the opposite meaning; and so on. It appears 
al into a form which fits his 


that each subject works over the materi 


own motives and criteria of suitability 
It is easy to see in these qualitative changes, 


and reasonableness. 
as in those previously 


eatures of recall, particularly of re- 
t here, but, for other work im- 


10 In a sense, all work on qualitative f 
(1937), Morris (1939), 


Peated recall by the same subjects, is relevant he 
mediately relevant to Bartlett’ f. Wees and Line 
Clark (1940), and Tresselt and Spragg (1941). 


370 THE PSYCHOLOGY OF HUMAN LEARNING 


described, the operation of two of the great classes of psychological 
events, motivation and transfer of training. What is recalled both 
immediately and after an interval is a function of the motivation 
of the subject, and of the influence of his existent organization of 
learned material. It is, thus, not the immediate material alone which 
determines recall, but its interaction with motivation and the re- 
tained residue of prior learning. When we add to this the fact that 
each person is in a state of constant variation, his ongoing activity 
changing from moment to moment, and when we consider that these 
materials are reproduced, always, in the context of the ongoing 
behavior of the subject, it is not difficult to understand the profoun 
and complex qualitative changes which occur in retention. 


RETENTION AS A FUNCTION OF THE CONDITIONS 
OF MEASUREMENT 


A number of different measures of retention have been employed. 


Luh (1922), in a systematic study of the conditions of retention, 
determined, within a particular set of experimental conditions, the 
relationships pertaining among five measures of retention. Thes? 
measures were: recognition, reconstruction, written anticipation 
(written recall), anticipation (recall), and relearning (savings: 
Other measures of retention have been employed in other situations: 
resistance to extinction, time for reaction evocation (latency ), ‘ 
gree of transfer of training effect, and response amplitude being 
examples of such other measures. It should be recognized that the 
concept of retention possesses general meaning, as applied to thes? 
various measures, only to the extent that predictable relationships 
between these measures exist. At the present time, little informatio? 
exists with reference to a determination of these relationships. The 
status of a general concept of retention as applied to indiscriminately 
to these measures rests largely upon the apparent similarities 
tween the various measurement techniques and upon the faith i 
psychologists that certain relationships, as yet undetermined, do, ™® 
fact, pertain between the various measures called measures of 187 
tention. 


a 
The most thorough study of the form of retention curves gs 
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function of the method of measurement is the already mentioned 
experiment by Luh (1922). His subjects learned lists of 12 nonsense 
syllables by the anticipation method to a criterion of 1 perfect 
repetition. Retention was then measured after intervals of 20 min- 
utes, 1 hour, 4 hours, 1 day, and 2 days.’? The 5 curves (Fig. 42) 
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Fic. 42, RETENTION CURVES 


are all negatively accelerated, but they have different slopes and 
may approach different limits. It will be noticed that the decelera- 
tion is slight in the curve for recognition and that the curve for the 
relearning method intersects those for written reproduction and re- 


construction. 
The deviation of the curve obtained by the relearning method 


from the curves yielded by the other methods makes desirable a 
statement about the characteristics of the relearning method. Re- 
learning is a composite of two factors: (a) recall at the first relearn- 


11 In half of the lists learned by each, the subject was asked to anticipate at 
the first relearning presentation (recall), and immediately thereafter presenta- 
tion was continued to the criterion (relearning ). With the other half of the 
ists, the subject was instructed at the end of the retention interval to write as 


many of the items as could be recalled in five minutes (written reproduction). 
a list of 24 nonsense syllables from which 
). Finally, he was asked to recon- 


f the series (reconstruction ). It must be remem- 


ae in interpreting the results, 
plied in sequence with the same subjects. 
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ing presentation and (b) subsequent learning. The two factors are 
inversely correlated, so that the greater the recall, the fewer will 
be the repetitions necessary for relearning. We shall also see that 
the relearning method is complicated by the warming-up phenome- 
non and that it is probably this latter factor which is responsible for 
the atypical shape of the retention curve as determined by the 
relearning method." 

The situation with respect to the measurement of retention is 
further complicated by the fact that the various measures of reten- 
tion have been employed under a variety of general experimental 
procedures. The classical method of investigation used in studies of 
retention may be termed the method of successive recalls. Under 
this procedure, a single group of subjects learns to some criterion, 
after which the same group receives successive tests of retention at 
various time intervals following the completion of original learning. 
The early work of Ebbinghaus (1885) serves as an example of the 
application of this method. Also, as we have already noted (Chapter 
V), the early studies of reminiscence employed this general form 
of experimental design (cf. Ballard, 1913; Williams, 1926). Al- 
though many of the earlier studies of retention employed this 
method, it is not satisfactory for most of the purposes of quantita- 
tive measurement. Each succeeding measurement (other measures 
of retention besides recall could be used, of course) is a practice 
period, and the results are a composite of retention as a function of 
time (or the intervening activity) and of the intervening measure- 
ments of retention since original learning. The results obtained by 
Brown (1923), showing that, in recalling the names of the states 
of the United States, more names are recalled upon the second than 
upon the first attempt, forced a re-examination of this procedure. 
Later research has tended to use the method of single recall, wherein 
a group of subjects is used for the determination of each point on 
the retention curve. 

The curves in Figure 43 illustrate the difference in results ob- 
tained under these two procedures. Hanawalt (1937) presented 8 


12 Other studies comparing measures of retention include Achilles (1920), 
ret (1932), Clarke (1934), Stalnaker (1935), and Andrew and Bird 
938). 
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the measurement of retention is longer than the time intervals be- 
tween the successive trials of the learning period. Considered in this 
way, it is apparent that the popular view of this relationship is 
almost certainly incorrect. This view, held by many laymen and am 
occasional educator, is that a positive correlation exists between 
learning and forgetting. The bright student may acquire knowledge 
rapidly, but this learning is unstable. The dull fellow who must 
slave to acquire the most meager skill, on the other hand, is felt 
to have acquired a “sure” knowledge. 

An experimental answer to this problem is complicated by differ- 
ences in degrees of original learning as distinguished from the rate 
at which a given skill is reached and by a number of other condi- 
tions. If all subjects learn to the same criterion, and if retention 
is measured by relearning, the results may be influenced by a greater 
degree of learning of parts of the material by the slow learner, who 
has mastered some parts early in practice but is slow in mastering 
all, and by the fact that the rapid learners will also relearn rapidly. 
If, on the other hand, all subjects spend the same amount of time 
in practice, the slow learner will have learned less than the fast 
learner, and, hence, will have less to retain." 

The monograph by Gillette (1936) contains a critical discussion 
of experimental methods and a bibliography of work on this prob- 
lem. The method of adjusted learning (originally devised by Wood- 
worth) which he uses involves removing from the list at successive 
presentations items which have been responded to correctly, Using 
this method, Gillette has obtained clear evidence that the fast 
learner retains more of paired pictures and numbers than the slow 
Jearner, whether the measure be recall or relearning. 

Similar results have been obtained by others, when differences in 
degree of original learning and other conditions have been fairly 
well controlled. This high positive relation between individual 
scores in learning and retention is to be expected, of course, from 
the fact that these are continuous processes. It seems, then, that the 
slow learner gains no advantage in retention from his slowness, and 


1i Underwood (1949b) discusses some of the technical problems involved in 
research on this and related problems. (p. 528f. ). 
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that the fast learner is at no disadvantage because of his superior 
speed. When comparisons are accurately made, no benign Emer- 
sonian compensation appears. What retentive superiority slow 
learners may seem to have in everyday life, insofar as it is a real 
and not a fancied superiority, may well derive from their greater 


Overlearning of a small portion of the material. 


Degree of Learning 


The influence of degree of learning upon retention is sufficiently 
great to require consideration in nearly all experiments upon reten- 
tion. One must remember, however, that degree of learning (experi- 
mentally considered) is not a single and unitary variable which has 
but one dimension. There are, instead, a number of different meas- 
ures of degree of learning, and the one employed needs always to be 
Specified. Number of trials of practice is one common measure. 
In perceptual-motor habits, time, errors, or degree of skill attained 
may be used. With verbal materials, number of correct anticipations 
Or number of repetitions are the commonly used measures. 

Using number of repetitions as his measure of degree of learning, 
Ebbinghaus (1885) attacked this problem with lists of 16 nonsense 
Syllables practiced with frequencies varying from 0 to 64, followed 
after 24 hours by relearning. When saving is plotted against fre- 
quency, the curve is nearly linear (Fig. 44). When the results are 
©xpressed in terms of the mean saving in seconds for each repetition 
Spent in learning, the mean is 12.7 with little variation around it. 
This figure, of course, would only apply for the particular retention 
terval employed in this experiment. 

There are ample data to show that, over wide ranges of frequency 
and of material, increasing learning is followed by increasing reten- 
tion, even when overlearning is involved. Krueger (1929), using lists 
of 12 monosyllabic nouns, has employed degrees of learning of 100, 
150 and 200 per cent, where 100 per cent is taken as the number 
of trials to learn to one perfect recitation and where the two larger 
Percentages mean that this number of trials was increased by half 
(150 per cent) and was doubled (200 per cent). Each of these 
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685 


573 


407 


SAVING IN SECONDS 


295 


192 


103 


o 8 6 24 32 42 53 64 
NUMBER OF REPETITIONS OF ORIGINAL LEARNING 


Fic. 44. A RELATION BETWEEN NUMBER OF REPETITIONS IN LEARNING AND 
SAVING AFTER 24 Hours 


(From data of Ebbinghaus, Memory, p. 56) 


increments in frequency of repetition is accompanied by an increase 
in both recall and saving scores after each of the six intervals used, 
but the increase is smaller from 150 per cent to 200 per cent than 
from 100 per cent to 150 per cent (Table XXI). This diminishing 
return from high degrees of overlearning is in agreement with other 
results on the problem. 

A similar study of the retention of finger mazes after intervals 
of 1, 2, 3, 4, 7, and 14 days gave similar results (Krueger, 1930). 
Both experiments show a uniformly positive relation between num- 
ber of repetitions at original learning and the measures of retention 
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after each of the intervals used, with diminishing returns at the 


higher frequencies. 
Other things being equal, retention increases as degree of original 
learning increases. This generalization emerges from studies with 


several kinds of material, when frequenc 
ng and when retention is measured by the 


recall and saving methods. The form of the function relating degree 
of learning and amount of retention varies with the conditions of 
experimentation. The curve may show initial acceleration when the 
retention interval is relatively long, but, whatever the initial form 
and the interval, the curve almost certainly becomes negatively 
accelerated at high degrees of learning. For retention over very 


long intervals, high degrees of learning are necessary. Such high 
ained, in all likelihood, by means of 


y of repetition is the indica- 


tor of degree of learni 


degrees of learning are best obt 


distributed practice. 
Taste XXI 


VING SCORES AS A FUNCTION OF Decree OF LEARNING 


RECALL AnD SA 
1929, 12, PP- 74 and 75) 


(From Kreuger, J. exp- Psychol., 


Interval Degree of Learning 
(Days) 100 150 200 100 150 200 
Mean Words Recalled Saving Scores 
I 3-10 4.60 5.83 21.73 36.15 47.10 
2 1.80 3.60 4.65 13.40 33-45 42.05 
4 50 2.05 3.30 3.40 29.75 32.30 
7 .20 1.30 1.65 1.75 23.15 27:55 
t4 i 65 .90 1.65 20.80 25-45 
28 .00 25 .40 1.50 20.50 25-10 


One such form of distribution consists of an original learning to 
a criterion, followed by repeated relearnings to the same criterion 
after a succession of intervals. When Ebbinghaus (1885 ) learned 
lists of syllables and stanzas of Byron’s Don Juan to a criterion of 
One perfect reproduction and relearned them to this criterion after 
each of 5 successive intervals of 24 hours, he obtained the results 
shown in Table XXII. On each day the lists of syllables were brought 
to the same criterion, yet on each day after the first, relearning was 
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Retention as a Function of the Materials Learned 


Even a casual inspection of the literature on retention will reveal 
that different materials have shown different amounts of retention. 
Many of the superficially justifiable comparisons between different 
materials cannot be made legitimately, however, because the condi- 
tions of original learning have not been comparable. If a determina- 
tion of the relative retention values of different materials is to be 
made, three conditions must be fulfilled. First of all, a careful 
dimensional analysis of learning materials is needed before the 
problem of relative retention value can be stated adequately. In the 
second place, a comparison of retention values requires that all 
other conditions, such as degree of original learning, motivation, 
distribution of practice, and so on, be the same for the materials 
compared. This, however, is difficult to achieve and, in many cases, 
is impossible. It is obviously difficult to equate conditions for condi- 
tioned response learning, serial anticipation learning, delayed re- 
action learning, and the solution of Umweg and rational problems. 
Finally, comparable units of measurement must exist between the 
learning situations being compared. A score of 50 per cent time-on- 
target in the Koerth pursuit rotor situation does not mean the same 
thing as does the correct anticipation of 5 out of 10 nonsense 
syllables. Two trials in the conditioned galvanic skin response situa- 
tion do not necessarily equal two trials in the rational learning 
situation. Time is a more satisfactory measure than trials, in some 
cases, and can sometimes be used with less equivocality than trials 
or frequency of correct response, but, considerably more often than 
not, this is not a feasible measure to use. This problem of obtaining 
comparable measures of learning between different situations has 
already been encountered in connection with our discussion of 
transfer of training (cf. Chap. IX). No satisfactory solution to this 
problem exists. Certain rough comparisons between materials can 
be made, however. 

As we have noted, the study of perceptual-motor habits has often 
revealed that these skills are retained relatively well over consider- 
able periods of time. Studies which make comparisons between 
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perceptual-motor skills and verbal habits, however, have uniformly 
been unable to achieve comparability. Furthermore, the distinction 
between perceptual-motor and verbal habits has sometimes been 
made as if a sharply defined dichotomy exists between them. Actu- 
ally, almost no activities fall at the extremes of this continuum. 
Certainly, most of the activities employed in the laboratory do not. 
The stylus maze, for example, may be learned by various combina- 
tions of symbolic and motor processes, and there is no good reason 
to suppose that such problems as are involved in the mental maze 
involve considerable amounts of motor response.*® 

There is good ground for concluding that meaningful materials 
and those which involve the discovery and understanding of a 
principle are usually much better retained than are nonsense mate- 
tials and others learned by rote. A few papers report data which 
imply that verbal materials with high association values are retained 
better than those with low, or that the more familiar, the more 
concrete, and probably the more meaningful are the better retained. 
Katona (1940) has published considerable data on the retention of 
learning which involves understanding. He concludes that the solu- 
tion of a problem, achieved by discovery of a general principle, may 
be retained with little or no loss for considerable periods of time. 
Melton (1941) has pointed out the statistical invalidity of some of 
the data which support this conclusion. Nevertheless, the general 
Conclusion is very probably sound. In view of the fact that mean- 
ingfulness, familiarity, and high association value all imply the 
transferability of previous learning, this is not surprising. Habits to 


which strong, previously learned habits can transfer should be 


retained better for a longer period of time than habits which receive 


no such support. 
The role of intraserial interference as a determiner of the forget- 


ting of different materials is illustrated by the fact that “crowded 
materials are forgotten more rapidly than “isolated materials 


values of motor and verbal habits do 


16 The data the tention 
nia. Chat, compare in FO Geoch and Melton (1929), Freeman 


not yi if v 

yield uniform results. Papers by Mc 

and Abernethy (1980, Tega Miceoch (1932), Waters and Poole (1938), 
eavitt and Schlosberg (1944), and Van Dusen and Schlosberg (1948), may 


© consulted by readers who are interested in this problem. 
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(Buxton and Newman, 1940). In this experiment, the series to be 
learned contained six items of one kind (crowded material) and two 
nonadjacent items of another kind (isolated material). The greater 
retention of the isolated material points to a relative lack of intra- 
serial interference as far as these items are concerned. This conclu- 
sion is supported by the data of Gibson (1942), which show that, as 
degree of intra-list generalization increases, retention value declines. 
Gibson employed paired-associate learning in which the stimuli 
were geometrical figures and the responses were nonsense syllables. 
The similarity of the geometrical figures could be varied in order 
to produce different amounts of intra-list generalization. 


The Affective Tone of the Material 


Pleasantness (P), unpleasantness (U), and indifference (I) are 
characteristics ascribed to experienced materials or activities, and 
the influence of affective tone on retention may be regarded as an 
aspect of the more general problem of retention as a function of 
the material. This sub-problem has been complicated by a lack of 
agreement among experimenters on the nature of affective tone, a 
lack of agreement which has appeared more often in their interpre- 
tations of results than in their experimental procedures. The latter 
have usually been to determine the affective tone of the materials 
by the judgments of the subjects. Whatever theory of feeling one 
accepts, it is necessary to take the experimental data at the level 
of the operations by which they were obtained and to consider the 
feeling tones studied as judged feeling. The chief materials and 
methods employed fall in certain broad classes."* 

(a) By the method of free recall of experiences of everyday life, 
the subjects are asked to write down as much as they can recall 
of their experiences during a certain period and then to rate these 


17 The literature to 1929 on the general problem of the relationship between 
feeling tone and recall has been reviewed by Meltzer (1930) in a paper that 
discusses the methodological difficulties involved. Gilbert (1938) has reviewed 
the papers from that time through 1937. Additional work is reviewed in 
Edwards (1942). Extensive bibliography and discussion of the literature will 
also be found in Cason (1932) and Barrett (1938). 
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pepenienices as P, U, or I. This method is a hit-or-miss one, subject 
to influences from unknown variables, the temporary set and en 
instruction of the subjects, and whether the subjects are tata the 
experiences for their affective value at the time of having then or 
at the time of rating them. It usually assumes, moreover that the 
frequencies of P and U experiences are the same and that the per- 
centages of recall may be taken as indicative of the retention values 
of the experiences thus toned. 

The burden of proof rests on those who assume an equal fre- 
quency of P and U experiences, and proof of this is lacking. There is, 
on the contrary, considerable evidence against it. Flügel (1925) has 
Erosa results from nine subjects who had kept a record of 
nedonically toned experiences for a period of thirty days. These 
Mahe wa preponderance of P experiences over U. The same 
3 amie poe the records made by children on the day following 
E : , öhlgemuth, 1923) and it is probable, as Barrett (1938) 
fe sda hat most subjects have been favorably disposed toward 

nts of their lives and are likely, thus, to have a preponderance 


of P exper: ‘ 
P experiences. When we add to this Cason s (1932) conclusion, 
ent” for affective tone, the 


ble. Of course, it is possible 
an U experiences are found 


dih y: is an “optimism of judgm 
esti a treg recall becomes questiona 
P Ga ; om these data that more P th 
perto. Fi subject remembers them better, even over the short 
course, le; TAN involved in these experiments. This position, of 
isa to scientific meaninglessness j l 

pret cane 5 obrna by this method are too complicated to inter- 
beiwesn y ently. While some of the results show no difference 
of the evid e numbers of P and U experiences recalled, the tendency 
‘id Boker a is toward the higher retention value of P experiences. 
than ite sity of the affective tone seems more important, however, 

quality (cf. Edwards, 1942). 
Me heise es method consists of a pairing of an affectively toned 
Sie ı a relatively neutral one, as aà P odor with a nonsense 

or a number, and the measurement of retention after an 


intery; i e 
erval. This method has been used relatively little. It faces the 


same . A P a ” A 
ne difficulties as those to be described in connection with the 


386 THE PSYCHOLOGY OF HUMAN LEARNING 


third method, but if interpretation is carefully made, it is a de- 
fensible procedure. In a characteristic experiment, Ratliff (1938) 
employed numbers of known difficulty paired (as second members) 
with P and U sounds, colors, and odors which had been carefully 
chosen and rated. Lists, learned to three correct repetitions, were 
recalled immediately and after both five and ten minutes. The 
differences between the recalls of numbers on presentation of 
P and U sensory cues do not have satisfactory reliability, but recall 
is uniformly greater and reaction time faster for responses to 
P colors and sounds. These relations are reversed, however, when 
olfactory stimuli are used. 

(c) By a third method, a large number of items, such as words, 
are rated as P, U, and I. Subjects learn lists constructed from the 
items judged to be in each class and, subsequently, recall, relearn, 
or try to recognize them after an elapsed interval. This is the most 
frequently used, and probably the most important, of the three 
methods. In connection with this method, one must remember that 
items may not retain the same quality and intensity of affective tone 
when combined in lists or arranged in pairs. It is likewise unknown 
whether items judged to have certain affective characteristics in 
isolation will keep these attributes unchanged during successive 
presentations. The available data on affective habituation make it 
quite possible that they will not (Beebe-Center, 1932). Combina- 
tion into lists is unavoidable, and the use of more than one repetition 
has been deemed necessary by most experimenters, but reports of 
subjects on the influence of combination and repetition would go far 
toward clarifying these issues. 

A majority of the experiments which have compared the retention 
values of lists of words rated for affective tone have found retention 
to decrease in the order P-U-I. However, the differences have often 
been small, and there have been exceptions to the order noted 
above. Furthermore, in most cases, the experiments have been so 
inadequately designed as to permit of no valid conclusion. In differ- 
ent experiments, results on this problem have been shown to be a 
function of the set, attitude, or mood of the subject (Barrett, 1938), 
of the rated intensity of the affective tone (Barrett, 1938), of the 
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CA of the subjects (Gilbert, 1937), and probably of the time interval 
(cf. Gilbert, 1938). Set may operate as a selective factor, the par- 
ticular set being aroused either by the stimulus to recall or by 
aterial. Thus, a current irritability 


conditions independent of the m 
hasis of U items and a current 


may condition selection and empl! 
expectancy of good fortune may condition an emphasis on P items. 
If we accept the conclusion that, for most people, the sets, attitudes, 
and moods of life are more often P than U, the better retention 
of P material is to be expected on this basis. 

Edwards’ (1942) article advocates a restatement of the problem 
of the relation of P and U to learning and retention. According to 
the hypothesis he advances, the important variable to be considered 
is the frame of reference of the learner. Experiences which agree 
with this frame of reference are better retained than those which 
do not, regardless of the P or U characteristics of those experiences. 
Of course, on the whole, experiences which agree with one’s frame 
of reference are judged to be P and those which do not are judged 
to be U, Edwards’ (1941) paper on the retention of political views 
which are in or out of harmony with the learner's frame of reference 


lends support to this view. 

Such a formulation of the problem is intimately related to the 
theory of feeling, which was initially advanced by Carr (1925), and 
has, since that time, received a considerable amount of research 
attention from Peters (cf., for example, 1935, 1938, 1939). This 
hypothesis, known as the judgmental theory of feeling, considers 
Pleasantness and unpleasantness to be nothing more than a mani- 
festation of the normal reaction tendency of the individual. Objects 
and situations toward which the individual has a normal reaction 


tendency of approach are judged to be pleasant, while those toward 


Which the individual has a normal reaction tendency of avoidance 
we may conclude that 


are judged to be unpleasant. In these terms, 
those things toward which an individual has positive reaction 
tendencies tend to be remembered better than those toward which 
the individual has negative reaction tendencies or nO reaction 
tendencies at all. 


Many of the results in this field have been interpreted in terms 
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of the Freudian theory of repression of the unpleasant (1914, 1925), 
although most of the differences have been too small to support any 
hypothesis very strongly. An experiment by Sharp (1938), directed 
at testing the Freudian theory, has employed material sufficiently 
different from those already described to require mention here. It is 
her interpretation that Freud means by a pleasant experience one 
which is acceptable, in harmony with the individual's values, beliefs, 
and modes of conduct. By a similar token, an unpleasant experience 
is one which is unacceptable, out of harmony with the ideals, values, 
and modes of acting. It is apparent that these experiences are apt 
to elicit approach and avoidance responses, respectively. The con- 
tinuity between this view and the positions taken by Edwards, Carr, 
and Peters is also fairly apparent. 

The learning materials in this experiment, chosen because they 
were known to be acceptable, unacceptable, or neutral to the sub- 
jects, were taken from the case histories and clinical notes on the 
psychoneurotic and mildly psychotic subjects in the abnormal ex- 
perimental group. They consisted of lists of 15 two-word items. 
Learning was to a criterion of one perfect repetition, with recalls 
after 2, 9, and 16 days, and a relearning after the last recall. Approx- 
imately equal numbers of normal subjects whose reactions to the 
items were not otherwise known also learned and recalled the lists. 
The groups which learned each class of words were roughly equiva- 
lent in CA and IQ. 

The means and P.E.’s for learning and retention, given in Table 
XXIII, show a number of differences between the materials. From 
internal evidence, Sharp concludes that the differences in rate of 
learning are much more a function of hedonic differences than of 
the composition of the groups of subjects and that the retention 
scores are not primarily determined by the differences in degree of 
learning which probably accompanied the differences in rate. The 
unacceptable items are much more difficult to learn than are the 
neutral items and are retained less well, while the acceptable items 
are also more difficult to learn than are the neutral ones, but are 
retained better after the longer intervals. The acceptable and un- 
acceptable items are learned at approximately the same rate, but 
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are markedly different in retention value, the acceptable ones being 
much the better retained. > 

When the recall scores are expressed in percentages of the total 
number of items and plotted, all curves show a sharp drop to 2 
days, but the curve for the unacceptable items drops farther than 
either of the others. From that point onward, the unacceptable 
items show little change. The continued high values at 9 and 16 
days are a function of the successive recalls, but successive recall 
cannot account for the differences between the materials. Interest- 
ingly enough, normal and abnormal groups show similar tend- 
encies,!s 

Taste XXIII 
Mean LEARNING AND RETENTION Scores FOR THREE CLASSES OF ITEMS 
(From Sharp, J. exp. Psychol., 1938, 22, P- 407) 


Material 
Sub Gs Trials to 
Sub- Items Trials to Recall Recall Recall Relearn 
Jects N Each) Learn 2 Days 9 Days 16 Days 16 Days 


= 22 Ac. 9.68+.63 8.68.37 10.54Ł.53 10.18.51 3.00=.29 
Ne 22 Nu. 4.22+.19 10.04.31 9.68+.38 9135.41 4.36*.34 
AR 2 Un. B77+.42 6.45.39 5.95440 5-72%.33 6.90741 
Ab. 23 Ac. 9.86+.82 9.17.34 9.604.400 9.17.38 3.56.26 
Ab, 23 Nu. 6524.65 9.56+.28 8.56.26 7.69%.36 4.39725 

. 23 Un. 9.43#.60 5.86.27 6.04%.49 5-86*.42 7.00+.55 


No. = Normal. Ab. = Abnormal. Ac. = Acceptable. Nu. = Neutral. 


n. = Unacceptable. 


ge veaults give a clear picture of higher retention value of ac- 
öf Stiller than of unacceptable, and of neutral material than 
hanah a peb, with neutral ana acceptable not far apart, al- 
ae a ae acceptable material is somewhat the better retained 
i ie longer intervals. This appears also in the relearning scores 
after 16 days. The differences between acceptable and unacceptable 
materials are larger than those often found between P and U 
Materials, which may be a function of the greater concreteness and 
Personal significance of the items used by Sharp. 


18 
Heathers and Sears (reported in Sears, 1944) 


Unpublished research by 
dings of Sharp with normal subjects. 


has fai 
ailed to corroborate the fin 
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Uncompleted versus Completed Tasks 


In 1927, Zeigarnik performed a group of experiments which be- 
came the starting point for a considerable amount of similar work. 
The procedure was to give the subjects a number of simple tasks 
at a continuous sitting, to permit them to finish half of the tasks, 
but to interrupt them on a plausible pretext before the other half 
had been completed. The conditions were counterbalanced to pre- 
vent the results from being a function of the character of the tasks 
themselves. At the end of the sitting, the subjects, who had not 
been told that interruption was an integral condition of the experi- 
ment, were asked to give the names of as many of the tasks as they 
could. The results showed a clearly greater recall of the names of 
the interrupted than of the completed tasks.” Results of a similar 
nature have since been obtained by a number of investigators.” The 
names of more uncompleted than of completed tasks also appear 
as reminisced items after 2 minutes, but after 2 days, 1 week, and 
2 weeks more completed than uncompleted tasks are reminisced 
(Martin, 1940). 

The conditions determining the greater recall of the names of 
the uncompleted tasks have not been studied in exhaustive detail, 
but enough is known about them to permit a statement of some of 
the more probable conditions. In part, the Zeigarnik effect is a 
function of “success” and “failure.” With instructions which lead 
the subjects to believe that interruption means a successful per- 
formance and completion a poor performance, the I/C ratio (in- 
complete/complete ) drops considerably below 1.00, thereby revers- 
ing the results found under the more usual conditions (Marrow, 
1938). The motivational level of the subject is also a factor of 
importance. For example, Rosenzweig (1943) tested for the recall 


19 The means of the individual ratios (I/C) were 1.9 in one experiment, 
while the ratio computed from the means of the numbers of completed and 
uncompleted tasks was 1.6. Ratios of this magnitude have since been obtained 
by others. 

20 Failure to obtain such effects has also been reported (cf. Boguslavsky and 
Guthrie, 1941; Alper, 1946). 
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of completed and uncompleted puzzles under conditions of task 
orientation and ego orientation. In the former case, subjects were 
led to believe that the experimenter wished to determine facts about 
the puzzles while in the latter case. the subjects were instructed 
a test of their ability. This means, of 
course, that success and failure as well as completion and incomple- 
tion are factors which are involved in this experiment. Nevertheless, 
the results indicate that, under conditions of task orientation, the 
mpleted tasks were recalled. Under 
conditions of ego orientation, however, more of the completed tasks 
were recalled. These results are supported by the findings of Glix- 
man (1949) who used three degrees of “stress.” In one case subjects 
Were told that the experimenter was merely trying to determine the 
length of time required to perform each of the several tasks. In a 
Second situation, subjects were told that the tests were an “Intel- 
lectual Alertness Inventory” on which norms were being obtained. 
In the third case, the subjects were informed that the test had al- 
ready been standardized and that information was being obtained 
about individual ability with a hint being dropped that the student's 
academic future was involved in his performance. The results show 
that, as degree of stress increases, there is a decrement in the recall 


of the uncompleted tasks. 

Phas individuals with different pe 

iida same objective situation 1n 
s similar to those listed above may 


ings of Rosenzweig and Mason (1934). 
completed and uncompleted tasks by children (CA 4 to 14 years ) 


Was analyzed. Those children who were rated as “proud” by their 
teachers tended to recall the completed tasks more than children 
who were not rated as possessing this personality characteristic in 
Supranormal degree. Other personality characteristics may also be 
‘portant. Subjects with greater neurocirculatory efficiency recall 
More interrupted tasks than do those with less, a result which Abel 
ae interprets in terms of personality 

> influence motivation. Rickers-Ovsia 


that the puzzles represented 


us ; 
‘sual preponderance of inco 


rsonality characteristics may 
different ways to produce 
be deduced from the find- 
In this case, the recall of 


characteristics, which, in 
nkina (1987) found that 
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normal subjects show a stronger tendency to complete a task once 
begun than do schizophrenics." 

Pachauri’s (1935) correlation of 0.67 between average time al- 
lowed for performance of a task, whether completed or uncompleted, 
and frequency of recall, implies that the Zeigarnik phenomenon is 
a function of the length of the tasks. In the work of both Zeigarnik 
and Pachauri the dominance of the interrupted tasks grows less with 
time, but the form of this function and its conditions are unknown. 
It appears that, if a task is too difficult to be performed, or if it is 
very short, it derives no advantage at recall from having been inter- 
rupted. When, however, the difficulty of the tasks is in the middle 
range, the interrupted ones are retained better and recalled first. 
The I/C ratio is lowest at the first and last positions in the series 
of tasks and highest at the intermediate positions (Marrow, 1938). 

It should also be noted that subjects not only recall the names 
of unfinished tasks more frequently, but they tend to resume them 
(Ovsiankina, 1928; Harrower, 1932). Related activities may, how- 
ever, act as substitutes for the original one (Lissner, 1933). State- 
ments concerning success or failure made by the experimenter at the 
point of interruption decrease the number of resumptions of the 
task, however (Nowlis, 1933). The interrelations of the results on 
the recall of the names of interrupted activities, and particularly 
the relations of Nowlis’ results to the others, can be satisfactorily 


worked out only when the determining conditions 


are more ad- 
equately known.?? 


McKinney (1935) has studied retention as a function of interrup- 
tion under conditions which are more characteristic of the usu 
laboratory experiments. Subjects who had been told th 
to learn a stylus maze to a criterion of three 


al 
at they were 
perfect trials in succes- 
sion were stopped after they had made one perfect trial, and their 


retention after a week was compared with that of controls for whom 


21 Rosenzweig’s (1935) paper should be consulted for a study of repetition 
of successful and unsuccessful activities as a function of age and personality 
(cf., also, Alper, 1946). z 

“Cf, three papers by Rethlingshafer (194la, b, c) for a description of the 
specific behavior of subjects who have been interrupted, and for comparisons 
of behaviors of normal and feebleminded subjects. 
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one perfect trial was the criterion set by the instructions. Similar 
experiments were performed with interruption earlier in maze 
practice, with a retention interval of one day, and with verbal 
materials. The results of this extensive series of experiments are not 
wholly consistent, and the differences between conditions are seldom 


nde the implications are that interruption is followed by a 
sve pimi aa of retention if the interruption occurs before the ac- 
E S een brought to a level of portorming which could be 
preted by the subjects as completion. 
iy better retention of the names of incomplete than of complete 
‘asks, and the tendency to resume interrupted activities have been 
interpreted by Lewin (1935), Prentice (1944), and others in terms 
of quasi needs and tensions. The tension of a quasi need which has 
fulfillment of the need may persist, finally to 


T 3 ‘ 
not been realized by 
r resumption when the occasion 


discharge in the form of recall o 
ead itself. If we omit the penumbra of gestalt theory which 
Niche — carry, they are much the same as the concept of 
= a ; tated in motivational terms, the results mein that, when 
en heads a subject a motivated to complete is interrupted before 
= i th thus leaving the motive unsatisfied, the task is likely 
CBr resumed or recalled when the occasion permits. Rosenzweig 
Hs 1943) has drawn the distinction between “need-persistive™ 

oc acs onic annie vn Lamhe oe. 
irregulariti ree ae a i he Zei ik send ni 
conditio AS of the data which occur in the eigarnik effect under 
irora cm of stress or ego-involvement. This point of view, also, is 
üe ona related to psychoanalytic theory. According to it, 
thas: sr tinis of low stress, need-persistive feactious predominates 
ind aie ucing the increased recall and resumption of interrupted 
activity “ioe activities. When, however, ir mince of an 
tions Ae i threatening to the indiv idual, ego-detensive reac- 
o predominate. Consonant with the concept of the need- 


Persistive e $ 
stive reaction is the explanation offered by Freeman (1930) 
uscular tension during 


the resumption of 
petition, rein- 


who , i 
j departing from measurements of m 


comp ; r 

th pleted and interrupted tasks, accounts for 
eir z 5 

nterrupted ones in terms of such concepts as com 
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forcement, and inhibition. It is possible, also, that in many cases, 
the interruption may have caused the subjects to note the inter- 
rupted task more clearly, to wonder why it was interrupted, to 
estimate how much they had done, and, in general, to react to it 


in a way which made it more meaningful and enhanced its reten- 
tion value. 


PROACTIVE INHIBITION: THE EFFECTS OF 
PRIOR LEARNING 


In the chapter on transfer of training (Chap. IX) it was noted 
that the phenomenon of proactive inhibition suffers from a certain 
ambiguity of definition. Whenever a previously established habit 
has a negative effect upon the establishment of a new habit, we may 
speak of proactive inhibition. Such a negative effect could also be 
termed negative transfer and could be studied under any of the 
experimental designs available for that purpose (Chap. IX). On 
the other hand, proactive inhibition has often been studied under a 
rather special form of experimental design which rel 
closely to the designs for the study for retention and re 
hibition than to the designs for the study of transfer of 
we have considered. This latter 


ates more 
troactive in- 
training that 
type of design, according to the 
terminology developed by Melton, Waters, Underwood, and others, 
refers to the proactive inhibition of recall.?* The experimental design 
in question is presented in schematic outline below: 


Group I. Rest Learn A 


Rest 
Group II. Learn B Learn A 


Recall and Relearn A 
Rest 


Recall and Relearn A 
Following Underwood’s terminology, we would refer to poorer 
learning of A in group II as an example of associative inhibition. 
Poorer recall and relearning of A in group I, however, would be an 
+ . ol see Á 
example of proactive inhibition. It goes without saying that the 
learning of A is carried out to the same criterion in both groups. 
This, however, raises an important practical problem. If the learning 
?* Underwood (1945) reserves the term ‘ 
nomena associated with this type of design 
hibition” to reter to negative transter produ 


Chapter IX. 


proactive inhibition” for the phe- 
and uses the term “associative in- 
ced under the designs discussed in 
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of B in group II has any effect upon the subsequent learning of A 
there is a distinct possibility that the two groups will not be equated 
with respect to the learning of A, even though learning is carried 
out to the same performance criterion in both groups. This is because 
the two groups will approach the criterial point at different rates 
and the subjects in the group with the faster rate will more often 
overshoot the criterion than will the subjects in the group with the 
Pog rate (cf. Underwood, 1949b). Thus, the possibility exists 
at, if group II learns A more slowly than group I, the results in 
recall and relearning, far from being an example of proactive inhibi- 
tion, might be an example of the fact that retention is higher follow- 
na much learning than following little. On the other hand, if group 
ma A more rapidly than group I, the results in recall and 
Pi ning will tend to underestimate the amount of proactive 
ike e The data which exist suggest that both types of effect (in 
raa ae of A) may occur, depending upon such factors as the 
and ra prior learning of B, the time between the learning of B 
earning of A, and the criterion selected for the learning 


of A. While the methodological difficulty mentioned here probably 
s to the experimental results which 


ha ; 
1S not contributed serious bia 
the addition 


have ‘ 

ak ve been obtained, it can be completely overcome by 
two more control groups, as outlined below: 

Recall and Relearn A 

Recall and Relearn A 

Recall and Relearn A 

Recall and Relearn A 


Üa 

Crow 4 Rest Learn A No Rest 

Grow I y Rest Learn A Rest 

Gro p HI. LearnB Learn A No Rest 
up IV. Learn B Learn A Rest 


Un ` 
der this plan, the existence of proactive inhibition would de- 


Ae the demonstration that more decrement (or less gain) 
ed in the recall of group IV as compared with group Ill 
LT compared with the recall of group 
iat no experiment has been conducted using such a design, 
ect he lack of control introduced by the use of the two-group 
hers may enter as a systematic error in the results which have 
mer, obtained. On the other hand, it is questionable that the in- 

sed precision offered by the four-group design is great enough 
abor involved. 


t : 
han in the recall of group H as 


to war R 
arrant the extra experimental ] 


396 THE PSYCHOLOGY OF HUMAN LEARNING 


A number of careful investigations of the proactive inhibition 
phenomenon have been conducted. From the results of these experi- 
ments, certain conclusions regarding the conditions of proactive 
inhibition can be drawn. These are summarized in the following 
paragraphs. 

(A) Proactive inhibition is a function of stimulus similarity. If one 
of the determining conditions of proactive inhibition is transfer of 
training, our previous discussion of the conditions of negative 
transfer would lead us to expect that one of the most important 
conditions of proactive inhibition would be the similarity (formal 
or meaningful) of the stimuli involved in the two lists to be learned. 
This is corroborated by the results of a number of experiments 
(Blankenship and Whitely, 1941; Melton and Von Lackum. 1941; 
and, by inference, Bugelski, 1942; Underwood, 1944). The Melton 
and Von Lackum experiment may serve as an ex 
of finding. In this experiment, three proactive 
were employed. One of these was a rest or control condition in 
which the subjects received 5 trials on a list of 10 consonant syllables 
(list A), rested 20 minutes, and then relearned the same list (A) 
to a criterion of two successive errorless trials, In the other two con- 
ditions, subjects received 5 trials of practice on 
(list B), then learned list A for 5 trials, rest 
learned list A. The difference between the ty 
tions was that, in one case, list B w 
the other case, lists A 


ample of this type 
inhibition conditions 


a preliminary list 
ed 20 minutes and re- 
vo experimental condi- 
as dissimilar to list A while, in 
and B were made up from the 
sonants and were, in consequence, similar, The 
by recall scores taken from the first four relearning trials of list A, 
show a clear superiority of the rest condition, an interme 
tion for the condition where A and B were 
greatest amount of proactive inhibition whe 
For example, on the first recall trial, the 
anticipations for these three conditions, re 


same set of con- 
results, as measured 


diate posi- 
dissimilar, and the 
re A and B were similar. 
mean number of correct 
spectively, was 2.08, 1.56, 
e percentage of proactive 
nt for the condition where A and 
B were dissimilar and 51 per cent for the condition where A and 


and 1.02. From this it may be seen that th 


inhibition obtained was 25 per ce 


B were similar. 
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fre Proactive inhibition is a function of response similarity. One 
4 the implications of the theoretical transfer surface drawn by 
Serene pee nr 
y s ss proactive inhibition 
and, finally, in proactive facilitation or positive transfer (see Fig. 
34). This is supported by Osgooď’s (1946) finding that there is less 
interference in learning a second list if the responses are similar 
than if they are dissimilar, providing the stimuli are identical. More 
directly in the context of the proactive inhibition studies, the recent 
iol by Morgan and Underwood (1950) demonstrates the same 
g. Basing their experiment on the unpublished findings of 
Haagen (1943) and Hughes (1949), Morgan and Underwood 
Studied proactive inhibition under circumstances where the first and 
Second lists of paired-associate adjectives had the same stimulus 
Pie Re response items, in the different conditions, bore five 
“8 es of meaningful similarity to each other (between lists). The 
eee that proactive inhibition decreases in a fairly 
Sular fashion as amount of response similarity increases." 
(C) Time intervals in proactive inhibition. A considerable num- 
a n concerned with comparing the amounts 
of proactive and retroactive inhibition obtained under comparable 


circumstances, These studies have been oriented toward the theoret- 
ical position taken by Melton and Irwin (1940), which is discussed 
In general, it appears that the 


in a $ : 
another portion of this chapter. 
nd retroactive inhibition depend upon 


tines, when the measurements ie made. When only a short time 
: val separates the original learning from the recall and relearn- 
ing of the relevant list, retroactive inhibition is consistently found 
eg greater than proactive inhibition (cf. Melton and Von Lackum, 

; Underwood, 1945; McGeoch and Underwood, 1943). On the 


other 3 : ere 
her hand, when a considerable time period, say forty -eight hours, 
and recall, retroactive inhibition and 


approximately equal amounts 


ber Pina P 
of experiments have bee 


relative ; si 
ative amounts of proactive a 


Separ; S E. . 
£ Parates original learning 
OARtive hier ; 
active inhibition seem to occur m 

ng of the second list) 


ad of inhibition, and 
mse similarity. 


ition (original learnir 
ation occurred inste: 
d with increasing respo 


24 The find; 
in uos findings on associative inhibi 
that â experiment showed that facilit: 
amount of this facilitation increase 
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(Underwood, 1948a,b). This result appears to stem from an increase 
in the number of correct responses under conditions of retroactive 
inhibition and a decrease in the number of correct responses under 
conditions of proactive inhibition. The interpretation of this effect, 
however, we will delay until the Melton-Irwin theory is under 
discussion. 

(D) Proactive inhibition is a function of amount of preliminary 
learning. Two studies bear directly upon this problem. The first, 
by Waters (1942), need be mentioned only in passing since he failed 
to obtain sufficient amounts of proactive inhibition to test this rela- 
tionship adequately. The monograph by Underwood (1945), how- 
ever, demonstrates a clear relationship between amount of proactive 
inhibition and the number of preliminary lists learned. In this ex- 
periment, subjects learned either 0, 2, 3, or 6 preliminary lists, then 
learned the significant list (i.e., the one to be proactively inhibited). 
After a rest of 25 minutes, this latter list was recalled and relearned. 
Proactive inhibition increased as the number of preliminary lists 
increased. This effect, however, was extremely transitory, being 
largely dissipated after the first relearning trial. One very interesting 
aspect of Underwood’s findings in this experiment relates to the 
ease of the original learning of the significant list. As number of 
preliminary lists was increased, original learning of the significant 
list became increasingly facilitated. Thus, the condition which pro- 
duced most proactive inhibition in the recall of the significant list 
also produced the greatest facilitation in the learning of that list. 
This finding suggests the operation of the warming-up effect which 
has been mentioned earlier in this book (especially in Chap. IX). 
According to this view, proactive inhibition represents a combina- 
tion of positive warming-up effects and negative transfer effects. The 
amount of the warming-up effect should increase, at least up to a 
point, with the amount of preliminary learning (cf. Thune, 1950a, 
b; Irion, 1949b; Irion and Wham, 1951). The general effect of this 
warming up would, of course, be facilitative, Amount of 


negative 
transfer would also increase with amount of preliminary learning, 
but in this case the general effect would be inhibitory. The two 


effects probably tend to dissipate in time, but warming up dissipates 


a 
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Su ml dar pos negative transfer (cf. Hamilton, 
$ . 1936). uld also seem that transfer is very much 
more sensitive to the effects of stimulus and response similarity than 
” the warming-up effect. From such a point of view, certain deduc- 
tions can be drawn. 

, (1) As amount of preliminary learning (or number of preliminary 
lists learned) increases there should be an increased facilitation of 
the learning of the significant list (at least up to an optimal point). 

(2) With a given amount of preliminary training, amount of 
Proactive inhibition should be a function of the time between the 
preliminary learning (and original learning) and the measurement 
of proactive inhibition. This relationship should be such that, if 
Proactive inhibition is measured very soon after the preliminary 
and original learning, little or no proactive inhibition (or even proac- 


tive facilitation) should be obtained. With increasing time, how- 


ver, increasing amounts of proactive inhibition should be obtained. 


: (3) Amount of proactive inhibition, measured after a constant 
time has elapsed since preliminary training, should be greater as 


the conditions fostering negative transfer are allowed to operate. 


It is apparent that such a viewpoint will not explain all of the 


facts of proactive inhibition. It does, however, serve to consolidate 


Some of the major findings. 


THE CONDITIONS OF INTERPOLATION 


The general decrement of retention curves is their most frequent 


c ; : ne 
haracteristic, This decrement or forgetting begins in most cases 


s ‘ : : 
Oon after practice ceases and continues at rates which vary with 


the Specific conditions already discussed. Even when the curve 
Tlses for a time after the close of practice (reminiscence ), the decre- 
er and above the conditions of retention 
which have already been mentioned, there remains the question of 
the conditions which are most directly responsible for the occurrence 
af forgetting—the conditions which operate during the retention 
interval, 

ue oe of forgetting is almost as pervasive as the 

- If retention during practice were complete, 


ment finally appears. Ov 


fact of learning 
curves of learn- 
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ing would have forms different from those they so often have, 
distribution of practice might be little more effective than massed 
practice, serial position curves might not be as bowed, and many of 
the phenomena of learning would certainly be different from what 
they are. The appearance of a general decrement after periods of 
no practice is one of the haunting annoyances of life outside the 
laboratory. The fact known yesterday eludes us now; the history 
‘or mathematics of which we were master ten years ago must be 
relearned; the happenings of yesterday are recalled but poorly today. 

Forgetting is a function of a number of major conditions. If we 
exclude the possibility that the major portion of forgetting may be 
explained by disuse or deterioration of the organic correlate of 
learning (see below), there are three such fundamental conditions: 
(a) interference by intervening activities; (b) altered stimulating 
conditions; and (c) inadequate set at the time of recall. Forgetting 
occurs because of these conditions and not as a matter of passive 
decay. A description of these three conditions, and of the circum- 
stances upon which they, in turn, depend will constitute both a 
statement of the experimental facts and an elaboration 
of the theory that the three conditions listed provide 
behavioral explanation of forgetting. 


and support 
an adequate 


The experimental problem is to measure the influence of each 
condition separately by holding two of them as constant as possible 
and varying the third. In daily life, however, all three conditions act 
together to determine forgetting; and even when two are controlled 
in the laboratory, the control is not complete. Each is subtle and 
very difficult to hold constant. In the living organism, intervening 
activities are always present; a shift of visual fixation or of posture 
may change the stimulating context; and these shifts in fixation or 
posture, or changes in the flow of the subject's symbolic processes, 
may alter set. The moment-to-moment changes in the organism 
inevitably mean changes in all three of these conditions. In spite 
of these difficulties, it has been possible to keep the variations of 
the “constant” conditions within a sufficiently narrow margin to 
prevent major distortions in the results of the conditions being 
varied. Before discussing the fundamental conditions of the forget- 
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ting pr P 
ae process, however, a word should be said concerning the “law 
OF disuse” Gnvexplanati inci i: 
suse” in explanation of why such a principle is not considered 


as a valid ¿ | i 
as a valid and proper explanation of forgetting. 


Disuse and Deterioration of the Organic Correlate 


and often been implied, that disuse 


It has sometimes been said, 
explains it. The 


is the fundamental condition of forgetting, i.e., 
es ae i that learning occurs during practice or use, while dur- 
os roles per vals, when there is no practice of the act in ques- 
ae e 4 ity a gecrement appears; therefore, the differential 

: ne disuse. It is not always easy to tell whether those who 
hee “law of disuse” mean that disuse produces forgetting or 

y that, with disuse, forgetting frequently takes place. The latter 


Mere ae ` ` 
ly states the fact of the general decrement during periods free 


fro 
m speci Ti z : 
specific practice at the act in question, but, where the former 


is meant, it is unacceptable. 
Ae that disuse produces forgetting is contradicted by a 
Petes oe potent considerations. In the first place, forgetting and 
ica a e not correlated to the extent assumed by this view. During 
= , retention curves do not always fall; instead, sometimes they 
Bes Ward-Hovland phenomenon ot reminiscence, where the 
aitia] ua fe retention cannot be considered to be a result of an 
but tke a » is a case in point. True, a decrement sets in later on, 
lovine pet that an increment Denes after an interval of disuse fal 
te Bgl al imposes a limitation on disuse as a determining 
ine we ikewise, conditioned responses recover during a period 
Practice following extinction. 
Phi limitation is placed up 
Hr ie y be fact that forgetting 
preteens ‘onditioned responses ar 
hae: ion of the conditioned stim 
initan pecan is become negatively adapted so that responses, 
Maren: Lae icited, are colled forth no longer. The conditions during 
n and negative adaptation are different from those during 


practice E i ; 
tice, but there is repetition or use of the response, and during 


on the determining influence of 
may take place during use or 
e extinguished by continued 
ulus without reinforcement. 
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this repetition without reinforcement, the response diminishes and 
disappears. During serial learning, whether verbal or perceptual- 
motor, correct responses appear, are forgotten, and appear again. 
The first perfect repetition of a list of words is commonly followed 
by one or more incorrect repetitions. Habits may be eliminated by 
repetition under certain conditions. Meaning may lapse with con- 
tinued fixation of a word, and in the phenomenon of refractory 
phase, repetition raises a barrier against immediate repetition of 
the same response. 

Even if disuse were not sometimes followed by an increment 
and use sometimes by a decrement, forgetting could not be ac- 
counted for by disuse, if disuse means only the passage of time, for 
time, in and of itself, is not a determining condition of events in 
nature. It is a conceptual framework in which activities go their 
ways and in terms of which events are plotted. In time, iron may 
rust and men grow old, but the rusting and the aging are under- 
stood in terms of the chemical and other events which occur in time, 
not in terms of time itself. 

Over and above these considerations, and experimentally more 
important, is the fact that forgetting is found to vary with the charac- 
ter of the events which fill a constant retention interval and with 
the conditions obtaining at the time of measuring retention. If, with 
a constant degree of learning, and after a constant time, amount 
retained is a function of the conditions mentioned, it is to them 
and not to time that we must look for an understanding of the 
forgetting.?® 

There is presumably no one who does not assume that le: 
modifies the organism, particularly the central nervous syste 
that continuation of this modification is necessary for reten 
is a plausible theory, therefore, that for 
deterioration of this organic correlate, su 
the loss of the behavioral changes w 


arning 
m, and 
tion. It 
getting is produced by a 
bstrate, or trace, and that 


hich represent learning mirrors 
this deterioration. Since disuse should be optimal for such deteriora- 


25 A more detailed discussion of di 


of the bibliography in support of the 
in McGeoch (1932a). 


suse and forgetting, together with some 
position taken in the text, will be found 
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tion, the theory is often implied by statements about disuse. This 
view is roughly supported by losses in retention which follow some 
brain lesions, whether produced in man by accident or in rats and 
oe i by design. Memory losses in senescence and in other 
ganic disorders w re K 7: i i 

the brain also re ph tim pe ty le 

i ulsive 
shock upon retention provide another line of supporting evidence. 
A number of theories have been developed concerning the specific 
nature of the deterioration of the organic results of learning. 


be stated only in the most general terms. 


This type of theory can 
are unknown, and a 


The specific organic correlates of learning 
theory of forgetting in terms of their deterioration has little specific 
information with which to work. Cerebral insult often does influence 
retention, but this insult is an inruption into the ordinary processes 
of growth and decay and tells us little about the usual mode of 
Operation of these processes. It tells us primarily that retention 
depends upon certain aspects of the organism, not that without 
“nore the organic correlate changes to produce forgetting. The 
hii changes following brain lesion are not yet sufficiently specific 
p bear the weight of anything but a very general interpretation. 
With continued neurophysiological research, knowledge of the 
correlates of learning and retention is sure to become more exact, 
but even so, a theory of forgetting in terms of deterioration of an 
ed to account for behavioral facts which seem, 


a ‘ i 
t the present time, to be difficult to incorporate into such a theory. 
several classes of phenomena which weigh 


e is the recall of childhood 


Osn 
rganic trace will ne 


T pi 
here are, furthermore, 


ie such a theory. One of thes 
memories, apparently long unrehearsed. This has been found with 


Subjects of varying ages from adolescence through maturity to old 
age, and is often especially striking in the very old who revert to 
Memories of childhood. Recall under abnormal conditions, of ex- 
Periences of many years before which have not been reinstated (or 


Which have been reinstated only infrequently) in the interval, 
Constitutes a second class of evidence. Recall by the aid of free 
in delirium, excitement, and states of 


associati y 
ciation, under hypnosis, 
f this kind. There are, as we 


ane: ; et as op 
sthesia, are examples of evidence 0} 
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have seen, a number of cases of high retention by normal people 
of material learned many years before and rehearsed little, if at all, 
in the interval. Why has not a deterioration of organic traces, if at 
all general, prevented these recalls? 

Also potent against this theory is the fact, already mentioned as 
evidence against disuse, that forgetting may be made to vary from 
a relatively low value to a very high one by controlling conditions 
of interpolation and by varying the circumstances under which 
retention is measured. This does not prove that there is no dete- 
rioration of the organic trace, but it does demonstrate that forget- 
ting is determined by other conditions than this, and, taken together 
with the other classes of evidence already mentioned, it serves to 
cast doubt on the deterioration theory. 

There is, at present, little specific evidence in support of this 
theory, and such evidence is difficult to obtain. Since forgetting can- 
not be controlled or predicted in terms of it, but can be controlled 
in terms of a behavioral theory, it is a more fruitful procedure to 
work at the behavioral level. The remainder of this chapter will deal 
with the psychological data relevant to an explanation of forgetting 
at the level of the data to be explained. The facts themselves are 
important as phenomena of learning and retention, but they gain 
in significance by being seen in the context of a general theory. 


Interference by Intervening Activities: The Phenomenon 
of Retroactive Inhibition 


The experimental work on forgetting as a function of intervening 
activity has nearly all been done under the name of “retroactive in- 
hibition,” following the usage of Müller and Pilzecker (1900). The 
term refers to a decrement in retention resulting from activity, 
usually a learning activity, interpolated between an original learning 
and a later measurement of retention. The expression is not, how- 
ever, to be taken literally. It is not retroactive in the sense that 
interpolated activities work backward in time. The term “retroac- 
tive” is an as if modifier, meaning that it is as if this occurred. In 


such a metaphorical sense the term can mislead no more than can 
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the term “refractory phase” or any other such clearly understood 


terms in related fields. 
The concept of retroactive inhibition is more explicitly defined 


in terms of the operations by which it is measured. Schematically, 


the experimental paradigm is as follows:*° 


Control 

condition Learn 1 Rest Measure retention of 1 
Experimental 

condition Learn 1 Learn 2 Measure retention of 1 


The subjects learn a given activity or material to some criterion 
and, aftér an interval, are tested by one or more of the methods of 
This is done in the same way under both 


ng only with respect to the charac- 
tention interval. Under the 
al practice, but instead, 


Measuring retention.** 
conditions, the conditions differit 
ter of the subject's activity during the re 
control (or rest) condition, there is no form 
the subject reads jokes or indulges in some other form of non- 
learning activity. Complete rest. in the sense of a psychological 
i le, but since that is impossible, it is neces- 


vacuum, would be desirab 
activity in order that rehearsal and 


sary to specify the rest-interval 
other experimentally undesirable effects may be controlled. Under 


sted the desirability of adding a second control 
r which the subject would learn and then have 
This would allow an estimate of the amount of 
rest interval of the control condition. 

all of the conditions of an experiment in a 


counterbalanced order and when retention is measured by relearning, it is a 
necessary experimental precaution, after the relearning of the control activity, 
to have ‘a second listed practiced to the same degree of learning as that given 
the interpolated list under the experimental condition. This would be unneces- 
sary if all subjects were at a practice level with the material used—that is, a 
level of performance which the practice afforded by the experiment will not 
alter—but such a practice level is seldom attained either during the initial prac- 
tice or before the beginning of the practice under the separate conditions of 
the experiment (cf. Melton and Von Lackum, 1941). It is also an excellent 
precaution, when there is more than one experimental condition, to give the 
subjects at least two relearning trials of the interpolated activity in order to 
Prevent giving the impression that the interpolated activity is less impon 
than the original one and hence to be practiced with less active intent to learn. 
Although most experiments 0n retroactive inhibition have employed a counter- 
balanced practice order, the dangers of this method, despite the precautions 


listed above, are considerable (cf. Chap. J). 


2" Irion (1948) has sugge 
condition to this design unde 
an immediate test of retention. 
forgetting that occurs during the 

27 When all subjects go through 
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the experimental (or work) condition a formally interpolated ac- 
tivity is introduced at some point during the interval between the 
close of practice on the original material and the later test of reten- 
tion. The interpolation is usually the learning of something else. The 
remainder of the retention interval is filled in the same way as is 
the entire interval under the control condition, 

Care is taken to insure equivalent degrees of original learning 
under all conditions. The lengths of the retention intervals are al- 
ways held constant. The only variable allowed to operate is the 
interpolated activity under the experimental conditions, Any sig- 
nificant differences in retention between the experimental and con- 
trol conditions must, then, be referred to the interpolation, Over a 
wide range of circumstances and interpolations, the experimental 
conditions yield the lower retention values which constitute retro- 
active inhibition, 

The early work on retroactive inhibition was done with lists of 
nonsense syllables and much of the subsequent experimentation has 
employed verbal materials of some kind. The decrement from inter- 
polation is not confined to disparate serial lists, however, but occurs 
when the original material is poetry, prose, advertising materials, a 
stylus maze, a pursuitmeter habit, and other materials.28 

The phenomenon has been found with human subjects, both 
children and adults, and with animals. It appears also by all of the 
methods of measuring retention except transfer, which has not been 
directly used for this purpose. Heine (1914) reported th 
of retention by the recognition method failed to yield a decrement, 
but later work has repeatedly found that recognition will show one 
(J. J. Gibson, 1934; McKinney, 1935; Zangwill, 1938). It may be 
concluded that the phenomenon called retroactive inhibition is very 
general. It represents experimentally produced forgetting, and the 
conditions which determine its amount are among th 
portant in the field of retention. A satisfactory theory of i 
of a major part of forgetting. 


at testing 


e most im- 
t is a theory 


#8 A review by Britt (1935) contains a discussion of, and referen 
. revic > to, tl 
work in this field through 1934. A more recent review by Swenson (1841) 


surveys the literature through 1940. Each of these papers contains extensive 
bibliography. 
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Conditions of Which Amount of Retroactive 
Inhibition Is a Function 


DEGREE OF SIMILARITY BETWEEN ORIGINAL AND 
INTERPOLATED ACTIVITIES 


The large number of possible relations between the original and 
interpolated activities in the retroactive inhibition paradigm have 
been most often studied under the head of similarity. This usage 
may be followed if it is remembered throughout that similarity is 
mot a single characteristic but a class of conditions which has many 
dimensions. The two activities may have varying degrees of identity; 
they may be alike in meaning (and this, in turn, may be classified 
im various ways); they may occur in similar serial orders; they may 


be practiced by similar methods; and so on. 


Reasoning from the results of experiments of his own (1920) and 


of Skaggs (1925), in which the original and interpolated materials 


had not been dimensionally analyzed, Robinson (1927) formulated 
vide range of 


a generalization which he suspected to hold for a w 
conditions and which read thus: “As similarity between interpolation 
and original memorization is reduced from near identity, retention 
and then rises again, but with decreasing 


falls away to a minimum 
ith maximum simil- 


similarity it never reaches the level obtaining w. 
arity.” This relationship is illustrated in Figure 45. 

ased upon the results obtained by 
aggs-Robinson hypoth- 
hip is that it 


Since the relationship is b 
Skaggs and Robinson, we may call it the Sk 
Sei One shortcoming of this hypothesized relations 
fails to differentiate stimulus and response similarities. A more fruit- 
ful type of theorizing would distinguish between similarity of the 
eliciting stimuli and similarity among the responses to them. Such 
an hypothesis has been worked out by Osgood (1949) and has been 
shown in F igure 34 (Chap. IX). According to this view, maximum 
facilitation occurs when the stimuli and responses are identical in 
Original and interpolated learning. If the stimuli remain identical 


the rationale of the Skaggs-Robinson function 


29 Boring (1941) has discussed 
ther than the serial materials with which his 


in terms that are applicable to o! 
nete is directly concerned. 
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while varying degrees of response dissimilarity are introduced, 
facilitation quickly gives way to inhibition, this inhibition becoming 
maximal as direct antagonism between the responses is approached. 
On the other hand, with identical responses, a decrease in stimulus 
similarity causes a falling off of the facilitating effect toward zero. 
With dissimilar or opposed responses, decreases in stimulus simil- 
arity result in a reduction of inhibition toward zero. Let us briefly 
summarize some of the results which have been obtained when dif- 
ferent dimensions of similarity have been systematically varied. 


EFFICIENCY OF RECALL 


A B fe} 
OEGREE OF SIMILARITY BETWEEN INTERPOLATED ACTIVITY 
AND ORIGINAL MEMORIZATION — DESCENDING SCALE 


Fic, 45. SKaccs-Ropinson HYPOTHESIS CONCERNING RELATION 
SIMILARITY AND EFFICIENCY OF RECALL 
(From Robinson, Amer. J. Psychol., 1927, 39, p. 299) 

At A, where similarity between interpolated activity and original memoriza- 
tion is at a maximum (where they are as nearly as possible identical), recall 
is at its highest level of efficiency. As this similarity approaches its minimum 
at C it passes through an intermediate degree, B, where recall is exceedingly 
inefficient. After this point is passed, there is an increased inefficiency of recall 
but this increase does not return to the level obtaining at A. 


BETWEEN 


(A) Formal similarity (identical elements). Maximal identity of 
original and interpolated materials is attained when the original 
list continues to be practiced during the period arbitrarily assigned 
to the interpolation, this practice then being regarded as antics 
at an interpolated activity. Under such circumstances both formal 
and meaningful similarity (and usually the other dimensions, as 
well) are maximal. This is a condition which yields facilitation 
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(Irion, 1946), and both the Skaggs-Robinson hypothesis and Os- 
good’s theory legitimately place the region of maximal recall in 
this region of maximal identity. 

The dimension of percentage of identity was employed by Robin- 
son (1927) when he attempted to test the Skaggs-Robinson hypoth- 
esis. Employing the memory span method with lists of eight con- 
arding the two halves of each list as original and 
s, he varied the similarity between the two in 
terms of the number of identical consonants, with the factor of 
position controlled as shown in Table XXIV. The experiment has 
been repeated by Harden (1929), but with degree of similarity 
defined in terms of the relative numbers of consonants and digits in 


the second half of the list, the only identity being, therefore, the 
halves of the span 


sonants, and reg: 
interpolated material 


proportion of items of the same class in the two 
(Table XXIV). 
Taste XXIV 
SCHEMA or THE ROBINSON AND HARDEN EXPERIMENTS OF RETROACTIVE 
INHIBITION AS A FUNCTION OF SIMILARITY 


(From Britt, Psychol. Bull., 1935, 3% P- 393) 


Elements in Robinson Harden 
Common Original Interpolated Original Interpolated 
& na ane Ss ed gears eases 
None a-b-c-d e-f-g-h a-b-c-d 1-2-3-4 
One a-b-c-d a-f-g-h a-b-c-d e-2-3-4 
Two a-b-c-d a-b-g-h a-b-c-d e-f-3-4 
Three a-b-c-d a-b-c-h a-b-c-d e-f-g-4 
Four a-b-c-d a-b-c-d a-b-c-d e-f-g-h 
TEA ee 


yn and Harden experiments are given 


The results of the Robinsc 
alls from a high point of recall 


in Figure 46. The Robinson curve f 
(low retroaction), when all consonants in the second half of the 


span are identical with those in the first half, to a lower point 
(higher retroaction), when none is identical, showing, thus, only 
partial conformity to the hypothesis. It does conform to the AB 
section of the hypothetical curve, but shows no hint of the BC sec- 


tion. Harden’s experiment was performed because she held that the 


Robinson procedure was appropriate to test only the AB section 
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and that a more adequate test of the BC region could be madeg by 
using varying numbers of digits in the second half. A combination 
of the two curves does roughly resemble the hypothetical relation: 
ship of Figure 45. Harden’s four-in-common condition (but with 
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Fic. 46. THREE EMPIRICAL RELATIONSHIPS BETWEEN RECALL AN 
OF INTERPOLATED MATERIALS 
(From Kennelly, Arch. Psychol., N. Y., 1941, 


D SIMILARITY 


No. 260, p. 19) 


none identical) corresponds to Robinson’s none-identical condition. 
The fact that the exact values are different may be referred to dif- 
ferences in the experimental procedures. 


More recently, Kennelly (1941) has systematically investigated 
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the Skaggs-Robinson hypothesis, using the methods employed by 
Robinson and Harden. He has verified Robinsons results for the 
AB section of the curve but has failed to verify Harden’s results for 
the BC section. These findings are also represented in Figure 45. 
An additional experiment, employing a design more like that of 
the usual retroaction experiment, likewise failed to confirm Harden’s 
findings. The consistent failure to confirm them may be a function 
of the particular combinations of consonants and numbers em- 
ployed, the amount of prior training of the subjects, and the dif- 
ficulty of the interpolated items (Kennelly, 1941). At the present 
time, therefore, we must regard the results of this line of research 
as being indeterminate as far as the Skaggs-Robinson hypothesis is 
concerned. 

The results of Robinson and of Kennelly do show, however, that 
amount of retroactive inhibition increases with decreasing percent- 
ages of identity between the halves of a memory span list. Per- 
centage of identity is, however, but one dimension along which 
materials are distributed. The use of varying percentages of identical 
units in the two halves of a span list constitutes a dimension inter- 
Secting the 100 per cent point of similarity, which is complete 
identity. The identical units in the second half of the span provide 
continued practice, and it is to be expected that retention should 
decrease as identity decreases. One may question whether this range 
represents a sufficiently wide range of similarity to permit an ade- 
quate test of the Skaggs-Robinson hypothesis (cf. Kennelly, 1941). 
One may also question whether this method is analytic enough to 
Permit isolation of the basic similarity factors which determine 
retroactive inhibition. ; 

Other experiments have varied the identities in original and inter- 
polated activities and have demonstrated that amount of the result- 
ing decrement is a function of degree and kind of identity. Illustra- 
tive experiments are those of Cheng (1929) with identities of 
Spelling of nonsense syllables, of B. Watson (1938) with varying 
identities of compartment and cue in card-sorting, and of Dreis 
(1983), in which the original and interpolated activities were code 
substitution, the interpolated code having 0, 2, 3, or 4 items in 
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common with the original, and in which the results resemble those 
obtained by Robinson (1927) and Kennelly (1941). 

(B) Similarity of meaning. Proportion of identical features can 
be quantified with relative ease in many activities, but when we 
turn from identity to similarity, and especially to similarity of mean- 
ing, the problem of quantification becomes much more difficult. It 
has been attacked, however, by methods of ranking and scaling. 
Learning of separately practiced lists, rather than the memory span 
method, has been used. In an early experiment on this dimension, 
two-syllable adjectives were employed as original materials, and 
synonyms of these adjectives, antonyms of them, adjectives un- 
related to them, nonsense syllables, and three place numbers were 
used as interpolated materials (McGeoch and McDonald, 1931). 
These materials were ranked by judges in the order given with 
respect to their similarity to the original lists. The recall scores of 
the original lists rose steadily from a low point when the inter- 
polated lists were composed of synonyms to a much higher point 
when the interpolated lists were made up of three place numbers. 
Trials to relearn to one perfect recitation gave the same regular, 
direct relation between degree of roughly judged similarity and 
amount of inhibition. 

Adjectives and their synonyms were then classified in three 
degrees of synonymity by eighty judges. The results show that when 
all interpolated lists contain synonyms of the original lists, but when 
the closeness of this relation is subdivided into three sharply separ- 
ated groups, retention is inversely related to degree of closeness 
of relation, which is the same as saying that retroactive inhibition 
varies directly as does similarity. There is no hint of the Sk 
Robinson relation here or in many other experiments.*" T 
because the conditions of such experiments are 


aggs- 
his may be 
arranged to measure 
the Skaggs-Robinson relationship over only one portion of it, but 
an equally plausible explanation is the one advanced by Osgood 
(1949). This explanation notes that McGeoch and McDonald (and 


5" Analogous results have been reported by L. M. Johnson (1933), who used 


lists of twenty abstract nouns as original materials and lists of their synonyms, 
grouped in three degrees of synonymity, as interpolated materials. 
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others) simultaneously varied both stimulus and response simil- 
arity from neutrality of both to high similarity of both. This double 
variation is an inevitable result of using the method of rote serial 
anticipation learning. As can be seen from an examination of Os- 
good’s (1949) transfer surface (Fig. 34), such manipulation should 
result in increasing amounts of negative transfer or retroaction. In 
another experiment, Osgood (1946) has used paired-associate learn- 
ing. The stimulus items remained the same during original and 
interpolated learning, but the response items varied in similarity 
of meaning. Three retroaction conditions were used. In one case, 
the response items in original and interpolated learning had similar 
meanings (eclated-high); in a second condition neutrality prevailed 
(elated-left); and in the third condition, the response items had 
opposed meanings (elated-low). The method of equated learning 
(Gillette, 1936; Sand, 1939) was employed. Osgood’s results show 
that, as response similarity increased (the stimuli remaining identi- 
cal) amount of retroaction decreased. This result, it will be seen, 


may be predicted from the theoretical surface in Figure 34. 
of meaning has been explored 


ables of 00 per 
bration (cf. 
associative 


Another dimension of similarity 
by Sisson (1938), who employed lists of nonsense syll 
cent and 100 per cent association value in the Glaze cali 
Chap. 1) and found the interpolation of a list of the same 
value as the original list (whether 00 per cent-00 per cent or 100 
per cent-100 per cent) to produce more inhibition than interpolation 
of a list of different value. The results are complicated by the fact 
that lists of the two different association values required different 
numbers of trials to learn to the criterion of six out of ten items, 
but the general finding may probably be accepted. 


(C) Similarity of task or operation. The relations between orig- 


inal and interpolated activities may vary with respect to the opera- 
g as well as with 


tion to be performed or the method of learnin 

respect to similarity of content or material. Similarity of operation 
or method thus constitutes another dimension in certain regions of 
which, at least, inhibition increases with increasing similarity. 


Gibson and Gibson (1934) have shown that similarity of either 


material or method yields a greater decrement than similarity of 
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of decrement and length of list found small but regular decreases 
in inhibition as lists of syllables increased from 9 to 18 items and 
as lists of three-place numbers increased from 6 to 10, the inter- 
polated lists being constant at 12 syllables and 6 numbers (Robinson 
and Heron, 1922; Robinson and Darrow, 1924). It is possible, how- 
ever, that this result should be ascribed to increasing degrees of 
learning of many of the items rather than, independently, to the 
length of list, because difficulty of learning increases disproportion- 
ately as length increases and, therefore, the longer lists would have 
the higher average degrees of learning and be less susceptible to 
retroaction, 

Sand (1939) has tested this possibility with original lists of 6, 
8, 10, 12, and 15 pairs of nonsense syllables, an interpolation of 7 
pairs, and the Woodworth method of dropping out pairs from the 
list when they have been correctly recited a specified number of 
times, in this case, three. This method prevents variable degrees of 
correct frequency in the recall of each second member of a pair. 
Under these conditions, the four longest lists gave equivalent 
amounts of retroaction when retention was measured by recall, 
and the three longest lists did so when retention was measured by 
Saving scores. This permits the inference that the decreases in in- 
hibition found by Robinson, Heron, and Darrow were, to a large 
extent, functions of the increasing degrees of learning which ac- 
companied increases in length of list, and that increases in len th 
from a point at or just beyond the memory span (under the condi- 
tions used) yield approximately equal amounts of inhibition. This 
does not account for all of the variables involved, of course, because 
isolation of the influence of length from that of degree of le 


has not necessarily been achieved, but it states the influence 
major variable. 


arning 
of one 


AMOUNTS OF INTERPOLATED MATERIAL 


Either the length of an interpolated list or the number of inter- 
polated lists may be varied, and each constitutes a variation in 
amount of the interpolated material. It also constitutes, in a sense, 
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a variation in the amount of interpolated learning. Increasing the 
length of an interpolated list also increases the amount of time 
Spent in interpolated learning if trials are held constant, or reduces 
the number of trials if time is held constant. It is not, therefore, pos- 
sible to vary all of these conditions independently. 

The fact that amount of inhibition is a function of the relative 
lengths of original and interpolated lists of adjectives implies that 
amount of interpolated material is an effective variable. Interpola- 
tion of 16 adjectives after an original list of 16 produces a greater 
decrement in retention than does any interpolation of 8 adjectives, 
regardless of relative frequency, when the frequencies applied to 
each length of interpolated list are 4, 8, and 16 (McGeoch, 1936). 
When both lists contain 16 items, the possibilities of confusion are 
greater than when the interpolated list is half as long. It seems prob- 
able that amount of interpolated material, relative to that of orig- 
inal material, is a determiner of amount of retroaction inhibition. 


Tastre XXV 
VARIATIONS IN RECALL AND RELEARNING WITH NUMBER 
OF INTERPOLATED LISTS 
(From Twining, J. exp. Psychol., 1940, 26, p. 493) 
Number of Interpolated Lists 
1 2 3 4 
41 327 .07 
11.33 13-53 


5 


Mean recall score 1.40 1.13 
Mean trials to relearn 5.53 6.93 9-74 


The effectiveness of amount of interpolated material is further 
established by the work of Twining (1940), who has defined amount 
in terms of number of lists of 8 nonsense syllables. An original list 
learned to 1 perfect trial was relearned after 30 minutes during 
Which either 1, 2, 3, 4, or 5 lists had been given 10 presentations 
each. These interpolated presentations came in the middle of the 
total retention interval, the remainder of which, before and after 
the interpolated practice, was spent in a game which constituted 
the “rest” activity. The recall and relearning records (Table XXV) 
exhibit decrements which vary directly with the number of inter- 
polated lists. The decrement in saving score produced by five 
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interpolated lists is approximately the same as that found by Eb- 
binghaus after 24 hours without formally interpolated activity. 
Twining’s results are closely supported by the findings of Underwood 
(1945). In Underwood’s experiment, retroactive inhibition was 
studied when 2, 4, or 6 lists (each given 4 repetitions) were inter- 
polated between original learning and relearning. In a companion 
experiment, retroactive inhibition was studied under circumstances 
where a single interpolated list was repeated either 8, 16, or 24 
times. Thus, Underwood is enabled to make a comparison of 
amount of interpolated learning considered as number of lists with 
amount of interpolated learning considered as repetitions of a 
single list, this comparison involving a constant number of trials, 
It is apparent that the results of this experiment are closely related 
to the findings regarding retroactive inhibition as a function of 
frequency of repetition of the interpolated activity. Over the range 
of conditions employed, ‘Underwood found a greater inhibitory 
effect from increasing the number of interpolated lists than from 
increasing the number of repetitions of a single list by an equal 
amount. His results also corroborate those of Twining (1940) in 
that they show retroactive inhibition to increase direct] 


y with the 
number of interpolated lists learned. 


SLEEP, INACTIVITY, AND OTHER METHODS OF FILLING 
THE RETENTION INTERVAL 


The conventional experiment on retroactive inhibition compares 
retention after an interval filled by some non-learning activity with 
retention after an interval at least partly filled by some specific 
learning activity. The forgetting produced by the 
learning is much greater than that which 
activity of a non-learning sort, but the 
the activities of daily life also have inhibitory potency. 
noted that under the rest conditions of many r 
experiments, considerable losses of re 
1948). Akin to this is the question o 
tained under the control condition is 


interpolated 
accompanies intervening 
question remains whether 
It is to be 
etroactive inhibition 
tention may occur (cf, Irion, 
f whether the decrement ob- 
a function of the informal ac- 
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tivities which fill it. The answer is a crucia int i ; i 
ascribes major portions of forgetting ta face i. 
vening activities. > s 
The first major experiment on this problem was performed by 
Jenkins and Dallenbach (1924), who compared the recall of lists 
of 10 nonsense syllables after 1, 2, 4, and 8 hours of ordinary wak- 
ing activity with recall after similar periods spent almost entirely 
in sleep. This experiment not only tells us whether the activities 
of daily life will inhibit the recall of materials presumably unrelated 
to them, but also to what extent forgetting occurs when the reten- 
tan interval is as free from activity as it can be made without ar- 
tificial means such as anesthesia. The two subjects and the ex- 
perimenter slept in the laboratory. If retention was to be measured 
after an interval of sleeping, the practice began when the subject 
was ready for bed. Upon reaching the criterion of one perfect trial, 
the subject retired to be awakened by the experimenter for a test 
of recall after the desired interval.” Only one interval was used 
per night. The learning for retention after intervals of waking wa 
done during the day, the subjects returning to the laboratory for 
recall after the appropriate interval. For both subjects the curve of 
recall after sleep drops during the first two hours, though not as 
rapidly as the curve after waking, and from that point to eight 
hours shows no further decrement, while the corresponding curve 
after waking continues to fall until after eight hours the two are 
widely separated (Fig. 48). i 
Van Ormer (1932) has repeated most of the conditions of the 
Jenkins and Dallenbach experiment but has employed the saving 
method as a measure of retention. His results lead to the same 
general conclusion. He has also reviewed a number of other and 
less systematic experiments, which corroborate the implications of 


at an unaccustomed time of the night, 
call would be an unfavorable condi- 
nental room, recalled well, went 
that they had been awak- 


B a Bn scem that being awakened 
tion Bik to another room, and asked to recal 

aed The subjects often came to the experit 
pi i bed, and failed to remember in the morning ; 
high, ani Spite of great drowsiness at the time of recall, recall was relatively 
ant se that any decrement from that condition must have been comparatively 
parti d These results have significance tor any theory of the nature of sleep, and 

articularly for those theories that regard sleep as a cumulation of inhibition. 
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those already mentioned (1933). There seems to be no doubt that 
nonsense syllables are better retained after intervals of sleeping 
than after corresponding intervals of waking. From two hours to 
eight hours the retention curves under the sleep condition show no 


SYLLABLES 


| 2 4 8 
HOURS 


Fic. 48. AVERAGE NUMBER OF SYLLABLES RECALLED AFTER INTERVALS OF 
SLEEPING AND WAKING 


(From data of Jenkins and Dallenbach, Amer. J. Psychol., 1924, 35, p. 609) 


significant decrement, while those under the waking condition have 
the customary continued fall. During the first two hours, however, 
the curves under the sleep condition also fall 


, although not quite 
so rapidly as those under waking. 
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The most reasonable interpretation of these results is that ordinary 
waking activities serve to inhibit the retention of the originally 
learned lists. During sleep these everyday activities are absent and, 
therefore, retention is higher than it is after waking. The process by 
means of which this inhibition occurs is not entirely clear, however. 
Many of the activities of everyday life are quite dissimilar to the 
laboratory activities employed by Jenkins, Dallenbach, and Van 
Ormer and, on this basis, little retroactive inhibition would be ex- 
pected. The factor of set to perform, which is discussed in a later 
paragraph, may well be of importance in explanation of these 
results, It has been customary to regard the data of Jenkins, Dallen- 
bach, and Van Ormer as continuous with those obtained in the 
conventional experiments on retroactive inhibition, the sleep condi- 
tion being the control and the waking condition the experimental 
one, 

The initial drop of the retention curves under the sleep condition 
is a problem for this interpretation. Are there conditions operating, 
Over and above the effects of retroactive inhibition, to bring about 
this decline? Physiological changes, now only remotely guessed, 
might do it. Loss of muscular tension during sleep might result in 
a lowered performance due to a lessened dynamogenic effect (cf. 
Chap. VI). Part of the initial decline may be a function of the ac- 
tivities of leaving the experimental room, going to bed, and getting 
to sleep. To fall asleep probably required only a few minutes, yet 
the retention curve falls to the two-hour point. The return to the 
experimental situation after an interval of one or two hours might 
fail to arouse adequately the original set of the subject and the full 
response to the original context, with a resultant failure of reten- 
tion. This might be roughly a constant after each interval, but be 


abetted by interference from intervening activity in the early min- 
out the waking intervals. This 


t the forgetting after one and 
ach sleep condition was less 


utes before going to sleep and through 
Possibility is supported by the fact thai 
two hours in the Jenkins and Dallenb: 
than in the waking condition. 
What is needed is a psychological 
absence of activity, stretching from t 


vacuum, or period of complete 
he moment of reaching the 
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criterion of original learning to the moment of beginning the meas- 
urement of retention. If no decrement appears, a strictly psycho- 
logical interpretation, of whatever kind, will be required. Attempts 
to attain this state of vacuum with animals have not been uniformly 
successful. Hunter (1922) attempted to control the activity of cock- 
roaches by means of temperature (cockroaches become immobilized 
by cold), His results indicated that inactivity produced less reten- 
tion than activity (normal temperature), but the effects of cold 
may be detrimental to the functioning of the animal and the process 
of thawing has an indeterminant effect. Drugs have been used 
with varying degrees of success. Russell and Hunter (1937) found 
no difference in the retention of rats anesthetized by sodium amytal 
and unanesthetized rats. Other attempts to control activity level 
by means of temperature have yielded results which are not entirely 
clear-cut (cf. Hoagland, 1931; French, 1942). On the other hand, 
Minami and Dallenbach (1946), using the fact that cockroaches 
tend to become immobilized when subjected to extensive bodily 
contact, demonstrated that inactivity has a markedly beneficial ef- 
fect upon retention of a simple maze habit in that species. These 
results are the most comprehensive ones concerning the effects of 
activity upon retention. 

The conditions of the greater retention over sleeping than over 
waking periods have not been adequately worked out, though one 
of them, relative meaningfulness, may be mentioned. When sub- 
jects reproduce stories after eight hours of either sleeping or waking, 
the ideas essential to the plot of the story are as well recalled after 
waking as after sleeping, while the nonessential material is better 
recalled after sleeping (Newman, 1939). No measures are given of 
the relative amounts of the essential and nonessential ideas which 
were actually learned, and in the absence of this information the 
significance of the results is difficult to assess. The slight susceptibil- 
ity of the more meaningful (essential) parts of the stories to forget- 
ting after either sleeping or waking is to be expected, however, 
from the experiments on the retention of meaningful materials and 
from the fact that the ideas in a prose passage and the meaning of 
lines of poetry are relatively little susceptible to interference from 
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other materials of a similar kind (McGeoch and McKinney, 1934a, 
b). 


INSTRUCTION, SET, AND ISOLATION OF MATERIALS 


The set of the subject, whether aroused by instructions from the 


experimenter or in some other way, may be a potent determiner of 


retroactive inhibition. Whitely (1927) has demonstrated that an 
al material has a greater 


apperceptive set congruous with the origin 
hese findings are 


inhibitory effect than one not congruous with it. T 
ar to the findings of Postman and Postman (1948) on the 


quite simil 
atible” and “incompatible” pairs of words, which 


learning of “comp 
have been reported in an earlier paragraph. 

Lester (1932) has been able to demonstrate a graded series of re- 
sults by means of the following instructions, designed to establish a 
series of sets: (a) expectation of recall; (b) expectation of inter- 
polated material before recall; (c) information about the possible 
effect of the interpolation; and (d) assumption of an active attitude 
and an effort to avoid the detrimental influence of the interpolation. 
The decrements in retention were large when the subjects expected 
neither recall nor interpolated activity and were given both. They 
decreased with the special instructions in the order listed, until, 
with an active attitude to resist the inhibitory effects of the inter- 
polation, they had become much less than under the conditions 
which carried no special instructions. 

Jenkins and Postman (1949) have obtained interesting results 
when they manipulated the set of the subject by changing the 
method of learning. When original and interpolated learning both 
take place by the anticipation method, more retroactive inhibition 
results than when original learning is by the anticipation method 
and interpolated learning is by the method of recognition. Similarly, 
more interference is obtained when original and interpolated learn- 
ing are both by the recognition method than when original learning 
is by the recognition method and interpolated learning is by the 
anticipation method. In all cases, of course, retention 1s measured 
by the method used in original learning. 


The fact that an effort to resist interference from interpolated 
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learning can reduce the amount of the interference is of the first 
importance. It implies a functional isolation of the original and 
interpolated materials in a manner to decrease the interrelations 
between them. It resembles functionally, and may be on a con- 
tinuum with, the isolation achieved by relatively low degrees of 
similarity, different methods of learning, different degrees of learn- 
ing of the two lists, or very high degrees of learning of both of 
them. It may also be on a continuum with three results obtained by 
Nagge (1935): (a) that less interference appears when the original 
list is learned in an hypnotic trance and the interpolated list is 
learned in the waking state, or the reverse, than when both are 
learned in the same state (both hypnotic or both waking); (b) that 
inhibition is less when the original list is learned and relearned 
through one sensory modality and the interpolated list through 
another than when both lists are presented to the same modality; 
and (c) that the decrement is less when the subject, who wrote the 
material as it was learned, wrote the two lists with different hands. 
These results, and others, imply that retroactive inhibition decreases 
with an isolation of the interpolated activity from the original, an 
isolation which may be brought about in a number of ways, among 
which instruction and set are very influential. 


THE METHOD OF MEASURING RETENTION 


The two methods of measuring retention which are most often 
used in studies of retroactive inhibition are recall and relearning, 
and, of these, recall is more sensitive in the sense that it usually 
yields a greater decrement. This is because of the beneficent fact 
that retroactive inhibition is usually quite transitory, the effects of 
it tending to dissipate during the first few relearning trials. The 
first relearning trial (recall 1) may show a very substantial differ- 
ence between the experimental and control conditions, the second 
relearning trial (often called recall 2) regularly shows a smaller 
difference, until by the third or fourth trial the control and experi- 
mental conditions may be equivalent. Melton and others have 


made careful analyses of this transitoriness. In general, its amount 
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has been shown to be a function both of the frequency of repetition 
of the interpolated lists and of the similarity between the original 
and interpolated lists. Retroactive inhibition persists throughout 
relearning of the original list of syllables when the interpolated list 
has been given a frequency of 10, but disappears after 4 or 5 trials 
when a frequency of 40 has been used (Melton and Irwin, 1940). 
These results are only partially substantiated by the results of Thune 
and Underwood (1943) who only carried interpolated learning to 
20 trials. Their results indicate that retroactive inhibition is ex- 
tremely transitory for all amounts of interpolated learning used (2, 
5, 10, and 20 trials). Results showing more rapid dissipation of 
retroactive inhibition with high degrees of interpolated learning 
have been obtained by Underwood (1945). 

The transitoriness of the decrement from intervening activities 
permits us to understand some of the instances of forgetting in 
everyday life and in educational practice. For example, the common 
experience that, although recall of a particular skill may be at or 
near the zero point, a very small amount of practice is necessary to 
bring the habit back to a high level of performance, is an example 


of this phenomenon. 


OTHER VARIABLES 


interpolation and length of retention in- 


terval. Interpolated activity may be introduced at any point during 
the retention interval, the latter may be of any length, and the two 
may be expected to be interrelated. Different experiments with dif- 
ferent conditions have found each of the three points of interpola- 
tion (just after learning, just before recall, and intermediate) to 
yield the greater amount of retroaction (cf. Britt, 1935; Swenson, 
1941). The relationships between point of interpolation, length of 
interval, and the other variables of this type of experimentation 
have not been sufficiently worked out to permit any generalized 
statement concerning point of interpolation. Enough is known; 
however, to-assure us that the two variables under discussion are 


Worth further study. 


(A) Temporal point of 
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(B) The age of the associations. Some of the results on the pre- 
ceding problem have suggested that the age of the associations in- 
volved is a significant variable, and Britt and Bunch (1934) have 
demonstrated that it is. The younger of two maze habits of equal 
strength, as measured by the criterion of mastery, is the more sus- 
ceptible to interference from an interpolated maze. The variable of 
age is inevitably present in the preceding problem as well, when 
interpolations at different points in an interval as long as twenty- 
four hours are compared. 

(C) Electric shock during either original or interpolated learn- 
ing. Administration of shock for errors in the original learning of a 
stylus maze markedly reduces retroactive inhibition, and shock 
during interpolated learning, original learning having been without 
shock, likewise reduces inhibition (Bunch and McTeer, 1932). This 
effect may be produced by the increase in degree of learning 
and performance brought about by the shock motivation and by 
the reduction in the degree of similarity and increase in isolation of 
the two mazes when one is learned with shock and the other without 
it. 

(D) The CA and IQ of the subjects. Lahey (1937) has found 
an irregular tendency for amount of inhibition to decrease with 
increasing CA from 8 to 16. When the subjects are grouped in inter- 
vals of two years of CA and in three IQ intervals (above 105, 95-105, 
and below 95), degree of inhibition appears to be inversely related 
to IQ. 

(E) Other conditions of interpolation. From what is known of 
learning and retention it is to be expected that the appearance of a 
decrement in retention and its amount will be a function of the 
intervening events. The introduction of reading aloud, reading with 
a noise and a flash of light, or reading with shock or threatened 
shock, loss of bodily support and noise, all yield a decrement (Har- 
den, 1930). Some inhibitory effect is exercised by unpleasant odors, 
while pleasant odors have a facilitating effect (Frank and Lu 
1931). The differences involved in these, and man 


ments on interpolated conditions not involvin 
small. 


dvigh, 
y other, experi- 
g learning have been 
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PSYCHOPHYSICAL JUDGMENTS AND RETROACTIVE INHIBITION 


Since the early days of psychophysics there have been hypotheses 
which implicitly connected psychophysical judgments and memorial 
functions. Whenever a second stimulus is to be compared with a 
first, the retained effect of the first must be carried over by the 
subject to be used in making the judgment when the second is 
presented. It remained for Pratt (1933, 1936) to formulate explicitly 
the continuity between psychophysical judgments and retroactive 
inhibition data, which he has done in the setting of the negative 
time error. 


When subjects are asked to compare two objectively equal stim- 


uli with respect to intensity, and when the two are presented suc- 


cessively, the second is judged to be more intense than the first 
in a greater than chance proportion of the judgments. This over- 
estimation of the second stimulus is known as the negative time- 
error. Fechner ascribed the phenomenon to a diminishing image 
of the first stimulus. Such an assumption clearly places the negative 
time-error in the category of memorial function. If another stimulus 
is interpolated between the two comparison stimuli, the experiment 
takes the form of the retroaction paradigm with very simple mate- 
rials and short intervals. Pratt believes that the psychophysical oper- 
ations permit a more decisive test of theories of forgetting than do 
those of the conventional retroaction experiment, which works with 
relatively complex materials. However this may be, the continuity 
of the two often-separated fields is apparent (cf. Irwin and Seiden- 


feld, 1937; Postman and Page, 1947). 
A few of the relevant experiments should be described. Lauen- 


stein (1933), for example, interpolated between the standard and 
comparison stimulus either a more intense or a less intense stimulus 
than the standard but of the same modality. When the interpolated 
stimulus was more intense than the standard, a positive time- 
error appeared, but when it was less intense, the time-error was 
negative. Similarly, Pratt has interpolated a less intense auditory 
stimulus, using a similar auditory stimulus as standard and com- 
parison, and has obtained a clear negative time-error. Another ex- 
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periment, in which the stimuli were weights and the interpolated 
stimulus a lighter weight, gave a negative error. Pratt also cites 
data from Guilford and Park (1931), who used a standard stimulus 
of 200 grams and interpolated weights of 100 grams or of 400 grams, 
and found large negative time-errors with the lighter interpolation, 
but a slight effiect in the opposite direction with the heavier inter- 
polation. 

Pratt uses these data to defend the theory that forgetting is a 
function of two conditions: (a) interaction between traces, which 
is essentially retroactive inhibition, since he means interaction be- 
tween the organic correlates of original and interpolated stimuli, 
and (b) distintegration or weakening from endogenous causes. The 
first assumes that, if the interpolated stimulus is less intense than the 
standard, the traces of the two interact and, as a result, the trace of 
the standard is brought down to a lower level than it would have 
reached without interpolation. The comparison stimulus finds it at 
this lower level and is therefore judged to be more intense. The 
concept “trace” as Pratt employs it, carries no reference to specific 
physiological locus or process; it is a construct from the empirical 
data. The second process (weakening from endogenous causes) as- 
sumes a weakening of the traces which occurs as a function of 
conditions within the trace system. 

Pratt contends, on two grounds, that interaction of traces is not 
sufficient to account for the data. (a) When the interval between 
the two stimuli is formally unfilled, as in the control condition of the 
retroaction experiment, the negative time-error is smaller than when 
a weak stimulus intervenes. If interaction, or assimilation, were the 
only effective condition, the error should be greater when there is 
no interpolation; that is, assimilation to zero should exceed assimila- 
tion to an intensity greater than zero, but it does not. (b) Assimila- 
tion t: a stimulus more intense than the standard is less than as- 
similation to one less intense than the standard. If assimilation were 
the only determiner, the positive time-errors should equal the nega- 
tive time-errors. 

To account for these facts, Pratt hypothesizes a weakening or 
disintegration of traces analogous to a principle of disuse. This 
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disintegration, together with interaction, determines forgetting. Dis- 
to be operating; interaction occurs 
imulus in the comparison situation 
action. The greater negative time- 


integration is supposed always 
only when there is another st 
sufficiently similar to induce inter: 
ak interpolated stimulus than with none 
that, without interpolation, disintegration 


alone is operating. With interpolation, however, both disintegration 
and interaction are operating. The failure of the positive and nega- 
tive time-errors to balance is explained in a similar fashion. When 


the interpolated stimulus is below the standard intensity, disintegra- 
direction; when it is above 


tion and interaction operate in the same 
the standard, disintegration pulls the trace downward, but interac- 
tion pulls it upward. In this case, interaction is able to keep the 
] level but not to compensate entirely 


error with a relatively we 
is explained by supposing 


trace somewhere near its initia 
for disintegration. 


The hypothesis of disintegration from en 
lated to account for the preponderance of psychophysical judgments 


in the direction of increased intensity is a possible one. It is, perhaps, 
more plausible here, where the time intervals are very short and the 
original material (the first stimulus) learned to a relatively slight 
degree, than where the interval is much longer and the material 
is better learned. Psychological conditions other than those involved 
in what Pratt calls interaction should also be considered. The set of 
the subject may be altered, both by an interpolated stimulus and 
by a brief interval empty of special stimuli. The response to the 


standard may be expected to hase (less likely to 


be in refractory P 
be repeated) for a very brief period, thereby giving opportunity for 
competing stimuli from the environment 


to elicit other responses 
which will change the set and perhaps decrease the probability 
of reinstating the first response. An effort on the part of the subject 
to hold or continue the first respons® in spite of refractory phase 
and competing stimuli, may also be a condition of the judgment 
when the comparison stimulus is presented. At the present time, 
however, both disintegration and any hypothesis in terms of psycho- 
logical conditions are possibilities. It should be said, nevertheless, 
that there are other ways of accoun 


dogenous causes, formu- 


ting for negative time-errors, 
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and there are psychophysical results which are difficult to interpret 
in the way suggested by 


confined to his view, howe 
psychophysical judgments 


Pratt. The present discussion has been 
ver, since it is aimed directly at relating 
and the conventional data on retention. 


Theories of Retroactive Inhibition 


Retroactive inhibition is ac 


ase of forgetting which is experi- 
mentally produced by interpol 


ating a second learning task between 
the time of original learning and later recall. This interpolated learn- 
ing is the experimentally manipulated variable. With changes in it, 
decrements in retention are found to vary, and, in view of the fact 
that some learning activity is probably going on during all of one’s 
waking moments, we may infer that retroactive inhibition is a gen- 
eral condition of forgetting. The next step is to inquire how the 
interpolated learning produces a decrement in the retention of the 
original material. Theories of retroactive inhibition have sought to 
formulate the way in which this takes place, or to state the funda- 
mental conditions of this phenomenon. There is, it will be rec- 
ognized, a great deal of continuity between the conditions already 


discussed and the theories which use this information in the ways 
described here. 


THE PERSEVERATION THEORY 


The first theory to be advanced was that of Müller and Pilzecker 
(1900) as an outcome of the experiments which brought retroactive 
inhibition to general recognition. They assumed that the neural or 
other organic correlate of learning continues or perseverates for a 
time after practice ceases. This perseveration of the organic events 
fixates the activity more firmly than it would be fixated without the 
perseveration. Under the control or rest condition of the retroac- 
tion experiment, this perseveration is supposed to continue relatively 
unhampered by other stimulation which might inhibit or diminish 
it in some way, and, as a result of this continuation, the activity 
practiced has the advantage of what amounts to a gratuitous and 
unintended additional practice. By virtue of this perseveration, the 
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material is better learned and better retained. The interpolated 
learning, on the other hand, interferes with the perseveration, and, 
as a result, the original material is less well retained. If interpolated 
learning is introduced immediately before recall and relearning 
instead of immediately after original learning, the perseveration 
from interpolation may interfere with the recall and relearning of 


the original. According to this theory, then, optimal retention should 


occur when interpolated learning is introduced in the middle of a 


rather long retention interval. 
It will be recalled that this theory has also been offered as a pos- 


sible explanation for the effectivenes of distributed practice and for 
reminiscence. Its potential applicability to retroactive inhibition 
emphasizes in another way the continuity of distribution, reminis- 
cence, and retention. 

been made to specify the character of the per- 


vithout the benefit of direct neurophysiological 
a continuing afterdischarge 


Attempts have 
severation, though v 
measurement, It has been envisaged as 
of the neurones; it has been thought of as a biochemical lag or other 
as been conceived as a reverberating neural 
ble to locate the perseveration 
1 possible specific persevera- 
described 


inertia phenomenon; it h 
circuit; and it would not be inconceiva 
in the muscles. There are, thus, severa 
tion theories, all of which reduce to the general class 
above. 

On the face of it, so 
There are a number of 
perseveration, One calls t 


me form of perseveration theory is plausible. 
psychological phenomena which imply a 
o mind such phenomena as afterimages, 


immediate memory images, the running of tunes in one’s head, the 
uselessly repetitive behavior of most children and some adults, and 
the phenomenon of retrograde amnesia. A theory which accounts 
for diminished retention in terms of a damping of perseveration 
would be able to account for the phenomena of psychophysical 
experiments which Pratt refers to disintegration and could in- 


corporate many of the results of retroaction experiments. It deserves, 
ation, the more so because it has also been 


a of reminiscence and the effective- 
the conclusion regarding 


therefore, careful consider 
offered to explain the phenomen 
ness of distributed practice. Nevertheless, 
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it must be that, while it cannot be completely ruled out at the 
present time, it is, at best, a very partial account of the decrements 
from intervening learning. A transfer theory is able to incorporate 
more of the data and is, therefore, more acceptable and more gen- 
eral. But first, a more detailed evaluation of the perseveration 
hypothesis should be made. 

Since there is no direct evidence for a perseveration of the 
neural units underlying learning, evaluation of the theory must look 
to the behavioral data. No one has assumed that perseveration con- 
tinues in any significant amount for more than a few minutes. It 
follows that interpolation within a very short time after the close 
of original learning or very close to recall and relearning should 
yield a decrement, and that amount of decrement should vary with 
these temporal variables, Interpolation after hours or days, when 
perseveration must surely have ceased, should produce no decre- 
ment. These predictions from the theory have not been experi- 
mentally verified (except for the findings of Duncan that are 
described below). Interpolation at various points during long reten- 
tion intervals has been shown to produce a decrement, even inter- 
polation midway in an interval of six weeks (Bunch and McTeer, 
1932), and there is no evidence for the general positive relation 
between temporal nearness of the interpolation to the original or 
relearning and amount of decrement which the theory requires. 

Miiller and Pilzecker reasonably assumed that the amount of 
decrement should vary directly with the intensity of the interpolated 
activity, on the ground that the more intense the interpolation, the 
greater would be the damping of the perseveration. This is difficult 
to test directly since we have no direct measure of the intensity of 
most intervening activities. In a very rough sense, however, it would 
seem that tapping, electric shock, and color-naming should be in 
the same region of intensity as practice on another list of words or 
learning another maze and that, therefore, they should yield ap- 
proximately as much retroaction as such learning activities. These 
interpolations give very little decrement, however, and may yield 
increments (McGeoch, 1931; Irion and Wham, 1951). There is 
little in the extensive literature on retroaction which can be inter- 
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preted plausibly in support of the assumed relation between the 


intensity of interpolation and the amount of decrement. 
The fact that amount of retroactive inhibition is a function of the 
measured on several dimensions, between 


degree of similarity, 
vities argues against a perseveration 


original and interpolated acti 
theory. As it is usually stated, the theory makes no assumptions 
which are relevant to the relations between the two activities and is 
unable to predict or to incorporate these facts. On the other hand, 
the facts about retroactive inhibition as a function of similarity 
strongly support a transfer theory of this phenomenon. 


veration theory, as usually stated, offers no explanation 


The perse 
there the last learned of two 


for proactive inhibition of retention, W 
activities is less well retained (Whitely and Blankenship, 1936; 
Blankenship and Whitely, 1941; Melton and Von Lackum, 1941; 
McGeoch and Underwood, 1943; Underwood, 1945, 1948, 19492). 
To account for this by perseveration, one would need to assume that 
the perseverating neural substrate of the first activity interfered 


with the learning of the second activity in ways not apparent from 
the objective record of performance. This assumption seems un- 


justifiable and has not been made. 
A perseveration theory of retroactive inhibition fails of support 


on the grounds which have traditionally been urged in its favor 


and must be regarded as a theory which, if valid at all, can account 
for only a portion of the facts, but which at the present time cannot 
be definitely discarded. There are some data which the persevera- 
tion theory can explain and which a transfer theory cannot, such as 
the data interpreted by Pratt in favor of disintegration. Perhaps the 


Most convincing evidence which can be interpreted in favor of the 
Perseveration theory is contained in the papers of Duncan (1945, 
1948, 1949) on the effects of electroconvulsive shock upon learning.** 
For example, in his (1949) experiment Duncan trained rats to 
terature on the effects of electroconvulsive shock on 
ile most of these studies are not immediately relevant 
er is referred to Finger’s (1947) review of the 
literatur H zitz and Stone (1947), Braun, Rus- 
‘ature and to such later papers as orowitz a 

Sell, and Patton (1949) eel (1949), and Townsend, Russell, and Patton 
(1849). A study, analogous to the study of Duncan ( 1949), but using human 
Mental patients as subjects, has been reported by Zubin (1941). 


32 i z 2 
iis There is a growing li 
o. e and retention. Wh 

he present discussion, the read 
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perform a simple avoidance habit. During training, electro-shock 
was administered following each trial, but at varying intervals from 
the performance of the correct response. The animals were given 
convulsive shock either 20 seconds, 40 seconds, 1 minute, 4 minutes, 
15 minutes, 1 hour, 4 hours, or 14 hours following each learning 
trial. A control group learned without electro-convulsive shock. A 


e CONTROL 


MEAN ANTICIPATORY RUNS 


LOG TIME BETWEEN EACH TRIAL AND SHOCK 


Fic. 49. Tue EFFECTS OF ELECTRO-CONVULSIVE SHOCK UPON LEARNING 
(From Duncan, J. physiol. comp. Psychol., 1949, 42, p. 35) 


Mean anticipatory runs for all trials expressed as a function of the log time 
interval between each trial and the administration of convulsive shock, No shock 
was administered to the control group. 


Separate control experiment indicated that the results could not be 
attributed to learned avoidance of the convulsive shock. Duncan’s 
findings conclusively demonstrate that electro-convulsive shock, ad- 
ministered after performance, slows down the learning process, and 
that the amount of decrement is related to the time between 
performance and the administration of the shock. These results 
are illustrated in Figure 49. At the present time, it would be difficult 


RETENTION AND FORGETTING 437 


to account for these findings on any basis other than the persevera- 
tion theory, On the other hand, little is known about the action of 
electro-convulsive shock and it may turn out that Duncan’s findings 
can be interpreted in some other way. At the present time, however 
the perseveration theory must be retained, even though it is in- 
capable of handling many of the data of retroactive inhibition. 


A TRANSFER OR COMPETITION-OF-RESPONSE THEORY 


In its most general form, a transfer theory holds that the decre- 
ment in retention produced by intervening activity is a form of 
transfer from activity to activity or of interaction between the two. 
It is based upon the experimental facts which show that amount of 
retroactive inhibition is a function of the similarities between original 
and interpolated materials. The reasoning is that, if the decrement 
in retention can be made to vary by varying one or more of the 
dimensions of similarity, then the decrement must be the result of 
the interaction of the materials.** Since this interaction is inevitably 
between the retained effects of prior learning of one material and 
the learning or retention of another, it is to be classified under the 


general heading of transfer of training. Statements of a transfer 


theory have varied and have undergone modifications as new data 


have been reported.** At the present time, there are different views 


concerning the most satisfactory formulation of the way in which 
transfer takes place, but there is considerable agreement on the 


general outlines of a transfer theory. 
According to the current form of the theory, the decrement in 


retroactive inhibition is a case of transfer which may either be an 
Overt carrying over of specific responses, called intrusions, from one 
material to the other, or a transfer effect without overt intrusions. 


s “interaction between 


size that such expressions a: 
for convenience only. 


“* It may be well to empha: 
materials” and “relations between materials” are used 
The relations and interactions must take place, of course, among the processes 
in the organism corresponding to the experimentally manipulated materials. 
but, inasmuch as the latter are the variables with which we deal directly, it is 


Convenient to speak in terms of them. i 
* Earlier statements are given, wit in Britt 
(1935, 1936). 


h references to their sources, 
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The theory regards the data of retroaction and the data of transfer 
as continuous. Retroactive inhibition is held to be a form of negative 
transfer of training. 

The extensive evidence that amount of the decrement in retention 
(in retroaction experiments) is a function of the similarities between 
the two materials offers powerful. though indirect, support to the 
transfer theory. Direct support for the theory is provided by the 
occurrence of relatively large numbers of overt intrusions—that is, 
responses which would be correct if made at the proper place in 
one list but which are actually made in the recall and relearning 
of the other list and are, therefore, wrong responses. These trans- 
ferred responses take the place of the correct ones and thus decrease 
the retention score (McKinney and McGeoch, 1935). In one experi- 
ment in which complete presentation and written recall were used, 
the overt intrusions were sufficient to account for at least 25 per 
cent of the decrement in the recall score. In addition to the intru- 
sions accepted by the subject as correct, there were others, recorded 
and then scratched out, which mean transfer followed by recogni- 
tion that the transferred items were out of place. Subjects also report 
the recall of items from the other list which are recognized as not 
belonging in the list being recalled and not written down at all. 
These facts point to a more extensive occurrence of intrusions 
than is shown by the records of the overt intrusions alone. 

It is not to be expected that all of the obtained retroactive inhibi- 
tion can be accounted for by such transfers of items. Transfer effects, 
both positive and negative, can occur without actual carrying over 
of responses, and a portion of the negative transfer in retroactive 
inhibition might be expected to take place without overt or report- 
able intrusion of responses. In one of Melton’s experiments, for 
example, the percentages of retroactive inhibition attributable to 
the intrusion of complete interpolated consonant syllables varied 
between 27.1 per cent and 1.8 per cent decreasing with increasing 
degrees of interpolated learning. There were also some intrusions of 
partial syllables and some intruding syllables which the subjects 
started to call out and instantly corrected, but intrusions were far 
from accounting for all of the decrement in retention. 
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The hypothesis has been advanced by McGeoch and his col- 
leagues (cf. McGeoch, 1936; McGeoch, McKinney, and Peters, 
1987) that retroactive inhibition reduces to reproductive inhibition, 
which means the decrement in retention following the connection 
two different responses in succession. 
t the association A-B be formed, 


of a common item with 
Designating the items by letters, le 
and then A-K. The association A-K will be more difficult to form after 
the learning of A-B than without this prior learning. This phenom- 
enon is called associative inhibition. The retention of A-B will be 
less after the second (interpolated) learning of A-K, and this 
decreased retention is called reproductive inhibition. Since this form 
of analysis may be most readily schematized in terms of paired 
units, the experimental paradigm for retroactive inhibition becomes: 


Control 

condition Learn A-B Rest Measure retention of A-B 
Experimental 

condition Learn A-B Learn A-K Measure retention of A-B 


erms as stimulus terms and of the 


It is customary to speak of the A t 
Learn A-B could as well be writ- 


B and K terms as response terms. 
ten, learn $,-R; and learn A-K as Si-Re- The question may then be 


raised whether the stimulus and response terms are isolated and 


atomistic. No assumption is made about their magnitude. They may 
and the contraction 


be as small as a single stimulation of a receptor 
of a single muscle fiber or as large as a total situation and a response 
which involves most of the organism’s musculature. Since experi- 
e impossible without analysis, and since, 
h on a problem, work with simpler cases 
tal work has proceeded with simple 
materials such as pairs of words and we shall speak in these terms. 

When we assume transfer to be a basic concept of retroactive 
inhibition, we may apply our knowledge of transfer to the under- 
standing of retroaction phenomena. On the other hand, we must 
accept information concerning transfer completely—that is, all of 
the relevant facts of transfer must enter our explanation of retroac- 
tion. From this point of view, it is apparent that the reproductive 


mentation and exposition ar 
in the early stages of researc 
is advisable, the experimen 
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inhibition paradigm as it has been stated is somewhat too narrow, 
relying as it does upon stimulus and response identities. Such 
identities must, in a strict sense, be fictional since we may be sure 
that no stimulus and no response is ever repeated exactly. On the 
other hand, if we allow similarity to play the same role which it 
plays in transfer, retroactive inhibition should be predictable from 
our knowledge of transfer; for example, from the relationships sum- 
marized in Figure 84 (Chap. IX). The bulk of the work on retroac- 
tive inhibition lends itself to analysis in terms of such 
paradigm of reproductive inhibition, A few 
specifically employed the paradigm with its stimulus and response 
identities. A few examples from the experimental literature will 
suffice. McGeoch, McKinney, and Peters (1937) studied retroactive 
inhibition in paired-associate learning. The pairs to be learned were 
made up of Chinese-English words, the Chinese words serving as 
the stimuli and the English words serving as the responses. Under 
one condition of this experiment, original le 
learning a list of these Chinese-English pair: 
learning consisted of learning a different set 
the same Chinese stimulus words. This fits the 
Much more inhibition was produced under thes 


a revised 
experiments have 


arning consisted of 
s while interpolated 
of English words to 
A-B, A-K paradigm. 
e circumstances than 
under a second condition wherein there were no common items 


in original and interpolated learning (A-B, D-E). It is easy to see 


that there were, in this second condition, similarities between 


original and interpolated learning. The first members in both cases 
were Chinese words and the second members were English words. 
Both lists were presented, studied, and tested in similar ways. But 
these similarities are, as one would expect on the hypothesis under 
discussion, less inhibitory than complete identity of the first mem- 
bers. 

The results obtained by Bunch and Winston (1936), demon- 
strating that amount of inhibition is a function of whether the 
transfer from the original list to the interpolated learning is positive 
or negative, bear directly on the transfer theory. Apparently working 
on the basis of Bruce’s (1933) conclusion that learning to make an 
old response to a new stimulus yields positive transfer, while learn- 
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to an old stimulus produces negative 
transfer, they employed paired nonsense syllables to fit this asso- 
ciative inhibition paradigm. To measure inhibition when transfer 
had been positive, the original list was XYV-ZO] with nine other 
such pairs and the interpolated list was XEH-ZOJ and so on. For 
negative transfer, the interpolated list was XYV-QUJ and so on. In 
terms of the symbols used in this section to represent the reproduc- 
tive inhibition paradigm, positive transfer is given by the interpola- 
tion of K-B after A-B. Negative transfer is given by the interpolation 
of A-K after A-B. Quite aside from its bearing on retroactive inhibi- 
tion, this experiment corroborates the work of Bruce on transfer (cf. 
Chap. IX). 

The two interpolations, which were introduced just before re- 
learning after an interval of a week, differ substantially in their 
influence (Table XXXVI). An interpolated list, each pair of which 


Ing to make a new response 


Taste XXVI 
oacrive INHIBITION UNDER Two 


PERCENTAGES OF RETR 
POLATION 


DIFFERENT CONDITIONS OF INTER 


(From Bunch and Winston, Amer. ]. Psychol., 1936, 48, P- 604) 


Relearning 
Condition Recall Errors Trials Errors 
A-B: K-B 32.52 60.75 61.55 
A-B: A-K 75:75 120.00 148.80 


has its first term the same as the first term of an original pair (A-B, 
A-K), yields much more interference than an interpolated list 
having second terms common with pairs in the original list (A-B, 
K-B). Bunch and Winston interpret these results in terms of transfer 
and cite other studies of similar import. 

An hypothesis by E. J. Gibson (1940) applies to the phenomena 
of verbal learning, including retroactive inhibition, the concepts of 
generalization and differentiation. On this view, retroactive inhibi- 
tion results in part from a low discriminability in the material 
learned. During the learning of an interpolated list, the stimulus 
items of this list are held to generalize with the stimulus items of 
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the original list, as a result of which discriminability is lowered and 
the responses of the original list may occur as intrusions, or there 
may be other interference of response. Generalization may operate 
in a similar way to produce a decrement at the time of relearning. 
The lessened discriminability of the stimuli amounts to a confusion 
within and between lists. It is important to realize that this method 
of stating a transfer theory does not change its essential characteris- 
tics. As we have seen, generalization is an example of transfer of 
training, albeit a simple one. Generalization, in turn, is a function 
of stimulus similarity (cf. Chap. III). Furthermore, discriminability 
and generalization are measured by very similar operations. The 
general nature of this approach to the problem of retroaction may 
be illustrated by one of Gibson’s experiments (1941). Her learning 
materials consisted of linear forms or figures paired with nonsense 
syllables. The degrees of generalizations of the forms were deter- 
mined by the technique used earlier by Yum (1931), Judges selected 
from a number of variant forms the ones which most resembled the 
standard forms, and then ranked the variations in terms of similarity 
to the standards. The forms selected were then tested for degree of 
generalization by having subjects learn a list of paired forms and 
words and by testing later with the variant forms to discover the 
number of times a variation was responded to as if it were the 
standard. When these materials were employed in a retroactive 
inhibition experiment designed to study amount of inhibition as a 
function of degree of interlist generalization, the curve in F igure 50 
resulted. In a second experiment, both recall and relearning scores 
show retention to vary inversely as the generalizing tendency of the 
stimuli in the original and interpolated lists. 

These hypotheses’ concerning retroactive inhibition attribute the 
decrements which are found in retention to the occurrence of nega- 
tive transfer. This transfer has its inhibitory effect in terms of com- 
petition between different systems of response.** It should be noted, 


35 This is the interpretation of inhibition that appears in Guthrie’s (1935) 
book and that Wendt (1936) has also defended. Some of the difficulties in- 
volved in accepting retroactive inhibition as a condition for all inhibitory phe- 


nomena—for example, conditioned response phenomena—have already been dis- 
cussed in Chapter II. 
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however, that the transfer theories do not assume that all of the 
transfer occurring in the situation is negative. If there is a decre- 
ment, negative transfer must have been greater than positive, but 
both may have occurred, and the outcome may be the algebraic 


IN PER CENT 


DEGREE OF RETROACTIVE INHIBITION 


10 4l 85 


DEGREE OF GENERALIZATION IN PER CENT 


Fic. 50. RETROACTIVE INHIBITION AS 4 Function OF DEGREE or GEN- 


ERALIZATION 
(From E. J. Gibson, J. exp. Psychol., 1941, 28, p. 103) 


sum of the two. Thus, relatively unpracticed subjects might acquire 
considerable increments of Jearning-how-to-learn from the practice 
at an interpolated list, and these increments might fav 
ation of relearning, even though the net effect might be negative. 


or an acceler- 
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TWO FACTOR TE IEORIES 


Melton (1940, 1941) has proposed that an unlearning factor, oc- 
curring during the learning of the interpolated activity, should be 
added to competition among responses at the time of relearning. 
This proposal raises, at once, the question whether the decrement in 
retention is produced only by the competition between interpolated 
and original responses at the time of the relearning of the latter, 
or also during the learning of the interpolated list, McKinney and 
McGeoch (1935), in their study of overt transfers or intrusions, 
found somewhat more than three times as many intrusions from 
the interpolated list to the recall of the original as from the original 
list to the recall of the interpolated (cf. also Sisson, 1938). This 
led them to conclude that retroactive inhibition is a two-way inter- 
ference, with the interpolated-to-original direction dominant under 
their conditions, 


The overt intrusions from the interpolated list to the recall of the 


original list are not numerous enough, however, to account for all 
of the retroactive inhibition actually found. Further, Melton and 
Irwin (1940) hold that the retroactive inhibition not accounted for 
by overt intrusion is too great to be referred to competition which 
does not reveal itself in overt intrusions—that is, to implicit intru- 
sions and to competition with no other overt outcome than the 
blocking of recall. To account for this residual decrement in recall, 
Melton and his collaborators (1940, 1941) have advanced the 
hypothesis that there is some other condition, Factor X, operative 
during interpolated learning to produce the residual decrement. 
One reasonable possibility is to identify Factor X as an unlearning 


ne interpolated list. 
ated lists are known 


ing interpolated learning. 
The residual amount of retroactive inhibition attributable to 


Factor X is shown in Figure 51, where the data of Melton and Irwin 


s factor, which from Mel- 
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ton’s discussion we will identify with unlearning, gains in influence 
as degree of interpolated learning increases, until it has become 
chiefly responsible for the decrement in recall after forty interpo- 
lated trials. The need for Factor X stems from the fact that the 
curve for retroactive inhibition (in Fig. 49) does not have the same 
shape as the curve showing the amount of retroactive inhibition at- 
tributable to overt competition. No one would expect that all of the 
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Fic. 51. RELATIONSHIP BETWEEN THE AMOUNT OF RETROACTIVE INHIBITION 
AND THE Decner or LEARNING OF THE INTERPOLATED MATERIAL 
(From Melton and Irwin, Amer. J. Psychol., 1940, 53, p. 198) 

The total obtained RI is the number of syllables forgotten as a consequence 
of the interpolated learning. The RI attributable to the overt competition of 
Original and interpolated responses has been taken as two times the average 
Tequency of intrusions of entire interpolated syllables during the recall trial in 
order to take into account the unidentificd overt intrusions of parts of syllables. 

he curve for Factor X represents the absolute decrement in recall attributable 
to the factor or factors other than the overt competition of original and inter- 
polated responses. The materials learned were lists of 18 nonsense syllables; the 
Original lists were given a constant frequency of 5; retention was measured after 


an interval of 30 minutes. 


retroactive inhibition could be accounted for in terms of overt com- 
petition, but it is a plausible assumption that overt intrusions ought 
to account for a constant proportion of the retroactive inhibition. 
This it does not do, according to Figure 49, and from this discrep- 
ancy stems the need for postulating an additional factor. 

From the two-factor hypothesis, Melton deduces that the reten- 
tion of the original activity should be less than that of the inter- 
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polated. In other words, retroactive inhibition should be greater 
than proactive inhibition under comparable circumstances. This 
should be the case because the original activity is subjected both to 
unlearning during interpolation and to competition during recall 
and relearning. The interpolated activity, on the other hand, is 
subjected only to competition. This expectation is fulfilled by the 
recall scores of the Melton and Von Lackum (1941) experiment 
where retroactive inhibition is greater than proactive inhibition. A 
number of studies corroborate this finding (McGeoch and Under- 
wood, 1943; Underwood, 1945, 1948a). On the other hand, this 
corroborating evidence has not been without its complications. 
Underwood (1948a) found, for example, that while retroactive 
inhibition exceeds proactive inhibition when the determination is 
made five hours after original and interpolated learning, this differ- 
ence disappears in time, so that, measured after forty-eight hours, 
there is no difference in proactive and retroactive inhibition. Under- 
wood accounts for this result by assuming that, since the unlearning 
factor strongly resembles the process of experimental extinction, it 
also possesses the extinction-like feature of spontaneous recovery. 
There are several weaknesses to the unlearning theory which 
should be made explicit. In the first place, an examination of 
Figure 49 will reveal that amount of the unlearning factor is sup- 
posed to increase as amount of interpolated learning increases. It 
has been pointed out, however, that the number of intrusions during 
interpolated learning is small (Thune and Underwood, 1943; 
Osgood, 1948) and that they tend to be concentrated in the first 
portion of interpolated learning. There seems to be as little correla- 
tion between failure to respond during interpolation and the occur- 
rence of intrusions as is true during relearning (Osgood, 1946, 
1948). In the light of this consideration, it is difficult to understand 
why the amount of unlearning should increase for an appreciable 
distance during interpolated learning. Also, as Thune and Under- 
wood (1943) have pointed out, there is no particular reason to 
assume that the ratio between overt and covert intrusions remains 
constant as amount of interpolated learning increases. If it be 
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assumed that this ratio varies, then the main necessity for the 
postulation of Factor X disappears. 

This latter assumption, in fact, is the basis of the alternative 
hypothesis put forth by Underwood (1945). According to this view, 
the important factor is the degree of differentiation between the 
competing response systems represented by original and interpolated 
learning. With low degrees of differentiation, overt intrusions occur. 
When the systems are differentiated, however, it is as if the subject 
recognized that the response he was about to give was from the 
wrong list and so inhibited it. Under the usual rote-learning situa- 
tion, not enough time remains following this for the subject to give 
the correct response. Since degree of differentiation is held to be a 
function of degree of learning (of either or both lists), this is tanta- 
mount to saying that the ratio of overt to implicit intrusions changes 
as degree of interpolated learning increases. 

On the basis of his experimental findings, Osgood (1946, 1948) 
has proposed a somewhat different alternative. He employs the 
concept of reciprocal inhibition (in a somewhat special sense). 
That is, when a subject learns one response, he simultaneously 
learns not to perform opposite responses. In the case of simple 
motor reactions this is clear, The subject who learns to clench his 
fist at the sound of a buzzer may also be learning not to open his 
fist.*° In the case of verbal learning, a somewhat more elaborate 
hypothesis becomes necessary. The subject may learn to give the 
response “white” to a particular stimulus, but he will not be simul- 
taneously learning not to say “black” to that stimulus unless he has 
Previously learned something concerning the continuum of which 
these two terms form the opposite ends. 


3¢ That this may not be entirely true is indicated by the results of Wickens 
(1948a, b, 1945, 1948) on response generalization. Wickens trained his sub- 
jects to make a manual response to avoid shock. With the hand turned over, 
Pi hae still avoid shock even though an antagonistic muscle group is involved 
in the reaction (cf., also, McClelland, 1943). 
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FORGETTING AS A FUNCTION OF ALERTED 
STIMULATING CONDITIONS 

The second fundamental condition in the current psychological 
account of forgetting is an alteration of the stimulating conditions 
from the time of learning to that of the measurement of retention. 
Such alteration produces a decrement in retention if, as a result of it 
(a) the stimuli necessary to elicit the originally learned acts are not 
effectively present or (b) new stimuli are introduced which evoke 
competing responses in sufficient strength to block the originally 
learned ones. In a strict sense, behavioral changes which occur 
under such conditions should not be termed forgetting. Learned 
responses are elicited by stimuli and it is not reasonable to suppose 
that a habit should manifest itself in behavior when the eliciting 
stimuli are not present. In other words, the term “forgetting” implies 
that the stimulating conditions are the same during learning and 
the measurement of retention. On the other hand, it is never possible 
to repeat stimulus situations exactly, and in the everyday situations 
of remembering, variations in stimulus context undoubtedly play 2 
considerable role in determining the course of retention. 

Everything learned is learned in response to stimulating or ante- 
cedent conditions which are a part of the learning situation and 
which are specific to it. Learning also occurs in a complex context 
of environing conditions not specific to the particular acts being 
learned. There is the obvious external environment of stimuli im- 
pinging on the individual’s exteroceptors, and there is the Jess 
obvious environment of intraorganic stimuli to the interoceptors- 
Correlated with these is the context of the individual's symbolic or 
ideational events. All are incidentally but inevitably present during 
practice, and it follows that the activities learned should also be 
associated with some features of these environments. 


Recall or any other measure of retention depends upon the pres- 


ence of some stimulating situation with which the learned act is 
directly or indirectly associated. It is to be expected that, other 
things being equal, retention will be higher the more numerous and 
complete are the stimuli earlier associated with the activity and 
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now present again at the time of measurement of retention (Carr, 
1925). Alteration or removal of these stimuli at the time of recall 
will be correlated with a failure of recall. 

The work of Yum (1931), already described in Chapter IX, is 
an excellent case in point. It will be remembered that every altera- 
tion of the stimulus member of paired nonsense syllables reduced 
recall by a statistically significant amount. When paired meaningful 
words or paired visual patterns were used, introduction at recall of 
other words or patterns of known degree of similarity to the original 
stimulus reduced recall, the amount of reduction being greater the 
less the similarity. 

This experiment illustrates both the influence of altered stimulat- 
called and the identity of experiments 
on altered context and on transfer. Experiments on one are also 
experiments on the other. Transfer experiments measure retention 
under conditions which differ more from those of learning than do 
those which employ the other methods of measuring retention, and 
the introduction of these differences is an introduction of changed 
stimulation. The fact that positive transfer is nearly always less than 
100 per cent is a demonstration that altered stimulation may reduce 
retention. Yum’s work, and that of the other experimenters cited 
with him in Chapter IX, may be regarded from two points of view. 
Yum’s experiment, regarded as an experiment on transfer, measured 
the amount of transfer from one stimulating condition to another 
changed in a specified manner. Regarded as an experiment on reten- 
tion as a function of altered context, Yum’s results demonstrate that 
decrements in recall follow such a change. 

Experiments on transfer deal with changes from the material 
practiced to the material tested. The alterations made are thus 
specific to the activities employed. But a subject associates with 
these activities other stimulating conditions than those specific to 
the activities themselves. Some aspects of the external environment 
also get associated with activities learned, and alteration of these 
aspects in certain ways at the time of recall produces a decrement. 
Pan’s (1926) study of the influence of verbal context was the first 
systematic attack on this problem with human subjects. Previous 


ing conditions on amount re 
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work had shown that alterations of the environment in which rats 
had learned a maze brought about decrements in performance 
(Carr, 1917). Pan’s data show an intimate relation between the 
recall of paired associates and the presence of incidental contextual 
words. Removal during recall of a context logically related to the 
response word and present throughout learning decreased recall. 
On the other hand, if the context had been varied during learning, 
this effect was diminished. Change from an old context to a new 
one at recall yielded a decrement, but introduction, during recall, 
of a context logically related to the response word increased recall. 

When a list of paired syllables is presented against one back- 
ground of color for learning and against a different one for relearn- 
ing, the amount and accuracy of recall are diminished and the trials 
to relearn are increased ( Dulsky, 1935). This effect is greater when 
the alteration is in the background of the response word. Where 
practice is done without an audience, the presence of a small 
audience during relearning decreases retention (Burri, 1931), as 
does changing the sensory mode of presentation from auditory to 
visual or the reverse (Reed, 1931). When classroom learning is later 
tested in a different classroom, or with a different proctor for the 
test, recall is diminished. The diminution is somewhat greater when 
both classroom and proctor are changed (Abernethy, 1940). The 
implications of laboratory experimentation are here corroborated 
under classroom conditions. These results should not be interpreted 
to mean that every alteration of the environment will yield a decre- 
ment. Not all aspects of the context are associated with the activity 
practiced, and an alteration of the unassociated or weakly asso- 
ciated aspects obviously will not affect the activity. *7 

From observation of individual cases come a number of illustra- 
tions of diminished retention as a function of altered environmental 
context, of which the following employed by Carr (1925) is one: 


“An individual lived for several years in China and laboriously acquired 
the ability to speak the Chinese language. Upon his return to this country 


#17 For illustrations of altered external context without decrement in reten- 
tion, cf. Reed (1931), Pessin (1932), and Farnsworth (1934, 1937). 
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for a couple of years’ vacation he found to his dismay that his ability to 
speak and understand this language had practically disappeared by the 
end of this time. Naturally he expected that a considerable amount of 
effort and time would be required to relearn the language, but to his sur- 
prise he found that he was able to speak the language quite fluently 


upon his return to China.” 


Carr cites to the same end cases of inability to recall memories of 
early youth when the effort to recall is made away from the original 
environment and after long absence from it, followed by a ready 
return of memories when one enters the familiar environment again. 

A similar case has been reported by Waters (1934). A five-year- 
old girl lost the use of English after a two-week visit in Holland, 
during which time she learned Dutch, She had heard Dutch at 
home, could probably understand it, but had not used it. In approxi- 
mately the same time, after her return to an English-speaking 
environment, she relearned English. During her visit to Holland, 
although the use of English had been functionally lost, not all traces 
of it had gone, for she spoke Dutch with an English accent and 
constructed sentences according to English syntax. It is a reasonable 
interpretation that the decrement in retention was a function of the 
stimulating context. 


FORGETTING AS A FUNCTION OF INADEQUATE SET 


The role of set in retention is intimately related to the warming-up 
Phenomenon, some aspects of which we have already discussed in 
connection with transfer of training (Chap. IX) and other topics. 
It will be remembered that, if the learner performs, before learning, 
some activity which is similar to the learning activity, speed of 
learning is increased (Thune, 1950a). This effect is a function of 
the amount of time devoted to the warming-up activity. The bene- 
ficial effects tend to dissipate rapidly in time according to the find- 
ings of Hamilton (1950). A considerable number of studies have 
shown the warming-up effect to exist in a relearning curve, where 
its presence is revealed by the steeper slope of the relearning curve 
than of the original learning curve at the same initial level of per- 
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formance.** In such cases, the relearning trials serve not only to 
afford additional practice in the sense of habit acquisition, but also 
to warm up the learner, that is, to induce in him the appropriate 
performance set. This finding suggests that initial relearning per- 
formance (recall) may be, in part, a function of the subject’s need 
for warming up (cf. Ammons, 1947). Following Ammons’ formula- 
tions, Irion (1948) applied the concepts of warming up and set to 
retention. Under this hypothesis, during learning the subject ac- 
quires particular perceptual and motor adjustments which facilitate 
the performance. These are lost during the retention interval, pre- 
sumably because intervening activity demands the assumption of 
other, incompatible, sets. At the time of recall and relearning, then, 
the subject must reacquire the appropriate performance set. The 
period during which this resumption of set takes place is character- 
ized by the rapid improvement of performance, or what we have 
called the warming-up effect. From these considerations, and from 
the results obtained by Thune (1950) and Hamilton (1950), we 
would be led to the conclusion that a period of warming up intro- 
duced before recall should improve retention. It goes without say- 
ing, of course, that the warming-up activity which is used should be 
one which does not afford the subject practice on the habits in 
question. Thus, color-naming, color-guessing, and digit-naming have 
been used as warming-up activities for verbal rote learning. The 
colors or digits to be named are presented to the subject on the 
memory drum at the same rate as the words or syllables to be 
learned. The subject is required to vocalize rhythmically, just as he 
is in the rote-learning situation. The warming-up activity, then, 
should be one which requires the subject to engage in the same 
kinds of activities that are involved in learning, but which should 
not give him practice on the habits to be learned. 

The amount of benefit to be derived from engaging in 4 
warming-up task before recall is probably a function of three vari- 

38 It will be remembered that Luh (1922) found that the retention curve 
determined by the saving method does not fall as rapidly as the retention curve 
determined by measuring recall. This, of course, is another way of noting that 


the slope of the relearning curve, and hence amount of w 


arming up, is a func- 
tion of the length of the retention interval. 
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ables or conditions: (a) the amount of the warming-up activity, 
(b) the similarity of the behaviors involved in the warming-up 
activity and the learning activity, and (c) the time interval between 
the warming-up activity and the recall. 

Several experiments have been conducted concerning these pos- 
sibilities. Irion (1949a) demonstrated the beneficial effects of a 
ask introduced before recall. Using paired-associate 
24-hour retention interval, he found that approxi- 
mately 87 per cent of the forgetting which occurred over this inter- 
val was removed by giving the subject a single trial of color- 
naming, the colors being presented on the memory drum.*® Two 
additional studies have considered retention as a function of amount 
of pre-recall warming up. Using serial learning of nonsense syllables 
a 35-minute retention interval, Irion and 
arming-up activity. In this 
als were given. The 


warming- 
arming-up t 


learning with a 


to a partial criterion and 
Wham (1951) used digit-naming as a W 


experiment, 0, 0.5, 1, 2, and 4 warming-up tri 
VIL. It will be seen that there is a 


results are shown in Table XX 
f warming up and per- 


fairly orderly relationship between amount 0 
formance on the first relearning trial. In a similar experiment, Irion 
(1949b ) used a 48-hour retention interval and up to 10 trials of 
warming up. His results indicated that, as amount of warming up 
increases, level of recall at first increases and then decreases. In 
covery from forgetting (77 per cent) 
occurred following five trials of pre-recall warming up. Since Thune 
(1950a) found continuing benefits from warming up before original 
learning up to 10 trials of warming up. and since this has also been 
shown in the retention situation by Hartley (1948), it is probable 
that this inversion in the relationship is due to the fact that Irion’s 
(1949b ) study employed serial anticipation learning while the 
studies of Thune and Hartley employed paired-associate learning. 
Since rate of responding is higher in serial learning than in paired- 
associate learning, the implication seems clear than Irion’s findings 
29 This result has failed of corroboration in a study J 
Rockway’s findings are discussed in a later paragraph. Indirect corroboration 
is found in Ward's (1937) monograph on reminiscence. In this case, reliably 


greater reminiscence was obtained when the subjects named colors during the 
interval (a warming-up activity) than when they engaged in light reading. 


this case, the maximum re 


by Rockway (1951). 
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result from his greater massing of the warming-up activity. With the 
exception of Rockway’s (1951) results, then, there appears to be 
a fairly clear, increasing relationship between amount of warming 
up and level of recall. 

Tastre XXVII 


Tue RELATIONSHIP BETWEEN LEVEL or RECALL AND AMOUNT 
or PRE-RECALL Warming Up 


(From Irion and Wham, J. exp. Psychol., in press) 


Mean Number Mean Number 


of Correct of Correct 
Anticipations Anticipations 
on Last on First 
Original Learn- Relearning 
Condition ing Trial Trial Difference 
I (No rest) 6.00 6.00 0.00 
II (No warming up, 
35 min. rest) 6.07 4.40 —0.33 
II (0.5 trial warming 
up, 35 min. rest) 6.co 5.67 —1.62 
IV (1 trial warming up, 
35 min. rest) 6.20 5.46 —0.74 
V (2 trials warming up, 
35 min. rest) 5-87 5:53 —0.34 
VI (4 trials warming up, 
35 min. rest) 4.53 5.87 +1.34 


With regard to similarity, little information exists. Since all of 
the exploratory studies on the warming-up effect have been designed 
to obtain that effect, warming-up activities have been selected 
which were as similar as possible to the learning activity. Rockway’s 
(1951) experiment carefully investigated the relationship between 
warming-up effects and the amount of similarity between the warm- 
ing up and the learning activities. Unfortunately, Rockway failed 
to obtain a beneficial effect from warming up, even under conditions 
of maximum similarity. 


The time interval between warming up and retention has not 
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been thoroughly investigated. Hartley (1948) had subjects partially 
learn a list of paired-associate adjectives and then relearn them after 
24 hours. In one condition of his experiment, 10 warming-up trials 
were given immediately following original learning. In a second 


condition, these warming-up trials were given immediately before 


recall. In the former case there was an 11 per cent recovery from 
retention loss, while in the latter case there was a 90 per cent 
recovery. Presumably, then, if the intervening points were to be 
investigated, a function resembling the one obtained by Hamilton 
(1950) would be found. 

It is difficult to interpret the findings on the warming-up 


as these apply to retention. At first glance, it would appear that the 


large reductions in forgetting which are obtained point to the con- 


clusion that this factor is an extremely important one, at least in 
the explanation of “everyday” forgetting. It would appear, further, 
that the explanation of forgetting in terms of retroactive inhibition 
is distinctly limited and that losses due to retroaction occur only 
under conditions where there is a formal interpolation of material 
which transfers negatively to the recall of the original. Such a con- 
clusion would be premature. In the first place, it would be desirable 
to know whether or not the warming-up effect can be found in the 
recall of retroactively inhibited material. Such an experiment has 
not yet been conducted. In the second place, the data on the 
Warming-up effect are much too scanty to derive conclusions regard- 
ing the generality of the effect. Lastly, Rockway’s (1951) failure to 
obtain warming-up effects in retention points to the need for a 
Cautious interpretation. Although the reason for Rockway’s failure 
to obtain these effects is not clear at the present time, it is certain 
that his findings place some restrictions upon the generality of an 
explanation of forgetting in terms of a need for warming the subject 


Up to a proper performance set. 


effect 


WHY IS FORGETTING NOT COMPLETE? 

asic to forgetting are so ubiquitous in 
y one remembers anything. 
ion to all that have gone 


The conditions which are b 
daily life as to raise the question of wh 
Each succeeding activity is an interpolat 
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before, so that intervening activity progressively accumulates. Stim- 
ulating contexts and sets are constantly changing. Why, then, does 
one remember anything at all? 

The situation is not as difficult as it sounds. There is often a 
minimal similarity between the original 
of daily life, and even among the activiti 
ther, the major portion of wh 
at the time of acquisition 
already acquired and retained organization. 
material is less susceptible to interference t} 


and interpolated activities 


Relatively meaningful 
han is less meaningful 


nplex connections, more- 
over, meaningful material may be elicited by any one of many 
different stimuli and related sets. 
Much of what one learns is relatively wel] learned, if not initially, 
then by distributed practice and rehearsal, and is, therefore, less 
susceptible to a decrement from intervening activity, a great deal 
of which is often not well fixated and relatively dissimilar to what 
has gone before. Unwittingly, our sets and other conditions isolate 
materials from each other, thereby reducing interference, and when 
interference does occur it is relatively transitory. Add to that the 
subtlety of the human being’s symbolic function by means of which 
sets may be reinstated by manifold cues, and the conditions pro- 
ducing forgetting may be, and are Surprisingly well, overcome. 
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XI 


LEARNING AS A FUNCTION OF THE MATERIAL 
LEARNED AND OF CERTAIN MODES OF 
PRACTICE AND PRESENTATION 


Tue observation has often been made in everyday activities and in 
the laboratory that apparently equal amounts of different materials 
take varying amounts of time to learn. This observation leaves no 
doubt that rate of learning is a function of the character of the 
materials learned. We wish to go beyond this, however, and to know 
how much the rate varies with specified changes in particular dimen- 
sions of the material. In the case of many learning situations, com- 
parisons have not been made of rates of learning as a function of 
the dimensions along which the materials are distributed. There 
has been enough successful work with verbal materials to imply that 
similar analyses could be made in other learning situations. 

The inference that rate of learning other materials than verbal 
ones is a function of the materials rests upon experimental observa- 
tions, although those observations have not been along systemati- 
cally studied dimensions. The high-relief finger maze (Miles, 1928), 
for example, can be made in a pattern equivalent in form and 
length to that of a stylus maze. The consistent result has been that 
the finger maze is the easier to learn. In the patterns used by 
Nyswander (1929) it required from one-third to two-thirds as much 
effort, depending on the measure, as did the stylus maze, and Hus- 
band (1928) found a still larger difference in terms of trials. The 
conditions which underlie the difference between the two may be, 
as Husband suggests, that the subjects contact with the path is 
more direct when it is traced with finger than with stylus; also, the 
paths not being open with two separated sides, they are quickly 
perceived as single, and the subject cannot pass 
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a turn, whether true 
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path or blind alley, in the finger maze without realizing it. These 
may in turn act to reduce the need for trial-and-error exploration. 
It would be possible to cite other comparisons which are methodo- 
logically legitimate, but they would tell us little because they have 
not been made with reference to any single dimension. We shall 
turn, instead, to the more systematic work on verbal materials. 
Information about the acquisition of verbal responses is peculiarly 
important because so much of human life is lived at the level of 
symbolic function, with words serving as the major class of symbol. 


THE RELATIVE DIFFICULTY OF DIFFERENT VERBAL MATERIALS 


Meaningfulness 


Verbal materials are distributed along a dimension of meaningful- 
ness, upon which their relative positions may be determined by 
methods of scaling or by simple ranking. Even the meaningfulness 
of nonsense syllables has been measured by Glaze (Chap. I) in 
terms of the percentage of subjects having associations aroused by 
each syllable. We can study learning as a function of meaningful- 
ness by comparing the rates at which homogeneous groups of sub- 
jects learn comparable sections of material chosen from different 


points on the dimension of meaning. 


There is general agreement that 
more meaningful than even the most meaningful syllable which 


does not make a word. Nonsense syllables, which are also three- 
letter items, vary among themselves in meaning, as measured by 
ethod of studying the relation between 
arning is to compare the numbers of 
words and of syllables at different points on the scale of associative 
value which ean be learned in a constant time. When 10-item lists 
of 3-letter words and of 0 per cent, 53 per cent, and 100 per cent 
syllables are studied with complete presentation for two minutes 
and then recalled immediately, the number recalled varies directly 
with the associative value (Table XXVIII). Though the words have 
the same physical constitution as the syllables in the number of 
letters, they are learned more readily than the 100 per cent syllables 


familiar three-letter words are 


associative value, and one m 
meaningfulness and rate of le 
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and with less variability. Among the syllables, the number recalled 
varies directly with associative value. The table shows, then, a direct 


positive relation between relative meaningfulness and amount 
learned in a constant time. 


Tastre XXVIII 


THE Amount or DIFFERENT MATERIALS LEARNED UNDER 
CONSTANT EXTERNAL CONDITIONS 
(From McGeoch, J. genet. Psychol., 1930, 37, p. 425) 


Material Mean "Dis. 
3-letter words 9.11 1.12 
100% syllables 7:35 1.96 

53% syllables 6.41 2.37 
00% syllables 5.09 2.60 


Lyon's (1914) data upon the time required to learn equal num- 
bers of items (syllables, digits, or words) show that syllables and 
digits are not far apart in difficulty, but that each is much more 
difficult than either prose or poetry (Table XXIX). Two hundred 


Taste XXIX 


Time Reguired To Learn EQUAL AMOUNTS or 
DIFFERENT MATERIALS 


(Data from Lyon, J. educ. Psychol., 1914, 5. Once-per-day method) 


Number of Items Kind of Material Time to Learn (Min.) 
200 Nonsense syllables 93 
200 Digits 85 
200 Words of prose 24 
200 Words of poetry 10 


words of poetry were learned 9 times more rapidly than were 200 
nonsense syllables. The prose and poetry were clearly more mean- 
ingful than the digits and syllables. No independent measure of 
meaningfulness has been applied to digits versus syllables or to 
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prose versus poetry, so that we cannot be sure of their exact loca- 
tions on this dimension, but we can be sure of their difference in 
rate of learning. The greater difficulty of digits is shown further in 
an experiment by Reed (1924b, 1938) where 30 digits required 
5.52 minutes for mastery, while a 30-word stanza of poetry took 
but 1.72 minutes. 

Reed also found that nine lines of prose from a simple narrative 
required 111.25 seconds to learn to a criterion, while the same num- 
ber from Hume on The Origin of Ideas took 261.25 seconds. When 
two excerpts of the same material, each containing 67 ideas, were 
read to college students, the mean number of ideas they could 
recall immediately was 11.5 from Hume and 49 from the simple 
narrative. Similar variations in rate of learning with variations in 
the material appear in the memory span studies. The width of the 
o 20 times as great for words in meaningful 
sequence as for disconnected words, and it may be as great for 
words as for single letters, although the number of letters in each 
word may be nearly or quite as large as the number of isolated 
letters which can be reproduced. The materials mentioned may 
reasonably be assumed to lie some distance apart on the continuum 
of meaning. The Origin of Ideas almost certainly meant less to the 
subjects than did the narrative, while disconnected words clearly 
mean less than words in meaningful sequence. Meanings or “ideas” 
are, moreover, notably easier to learn than are meaningful verbal 
sequences learned by rote (Jones and English, 1926). 

It is probable, on the basis of the available data, that there is a 
very high positive correlation between meaning and rate of learning. 
Certainly, the correlation is very high over limited ranges of mean- 
ing. This correlation requires examination. Does it signify that 
meaning is itself something independent of learning? By virtue of 
what properties does meaning play so great a facilitative function? 


The answers seem to lie within the field of learning, not outside it. 


The meanings of words are learned, events, and the conditions of 
their operation are those which determine the influence of one set 
of learned events upon another. The influence of meaning seems, 
thus, to be a special case of transfer. When one says that Material A 


span may be from 4 t 
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is more readily learned than Material B because Material A is the 
more meaningful, one implies that A receives more advantage from 
transfer effects. This, in turn, is tantamount to saving that the learner 
already knew more about A at the beginning, or possessed more 
effects of prior training which could be brought to bear on the 
practice of A. 

The dimension of meaning may be further analyzable, and there 
may be other dimensions closely related to it. Since neither pos- 
sibility has been examined systematically, certain additional and 
related results will be cited without speculation concerning the 
dimensions on which they are distributed. Key’s (1926) immediate 
recall records for words with commonplace relations in the Kent- 
Rosanoff list are considerably higher than those for words with 
unique relations. Abstract words, onomatopes, and concrete words, 
given one reading and recalled immediately, are learned with in- 
creasing ease in the order given (Stoke, 1929). Subjects can recall 
a large number of items from a picture, an event, or a card of 
objects after a very brief exposure time, but after the same amount 
of study time relatively few words from a list or lines from a poem 
could be reproduced. In one experiment, 60 items were recalled in 
narrative form after a 30-second exposure of the Binet Object-Card 
(McGeoch and Whitely, 1926). The large immediate recalls of this 
and similar materials are probably a function both of meaning and 
of the fact that the character of the materials permits the subject 
to perceive a large amount of detail quickly. 


Affective Characteristics 


Things learned are also characterized for the learner, by the facts 
of pleasantness, unpleasantness, or indifference, and it is a question 
whether rate of learning is a function of these characteristics and of 
their amount. Research interest has been concentrated on the influ- 
ence of these characteristics on retention after an interval, and a 
brief treatment of their influence on learning will suffice. The learn- 
ing materials for experiments on the problem have been classified 
as, P, U, or I on the basis of judgments made either by subjects 
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who later learned lists of words constructed from those judged or by 
individuals whose sole function was to classify the words. It is 
udgments made by the subjects who are to 


preferable to have the j 
as the criteria of affectivity employed are 


learn the lists, inasmuch 
then more likely to be the same for both judge and learner. 

Any procedure which classifies learning materials by means of 
affective tone implies at the level of the operations 
a judgmental conception of affectivity, such as that stated by Carr 

Peters (1935). Experimenters using the 


(1925) and elaborated by 
procedure may not have subscribed to the theory, but their experi- 
d by it. According to the theory 


mental operations are those require 
affection is a meaning. The theory states, fur- 


ther, that the meaning P is a function of a normal reaction tendency 
to approach the object, the meaning U of a reaction tendency to 
avoid it, and the meaning I of no particular tendency with respect 
to it, About this aspect of the theory the operations of the experi- 
ments in question imply nothing, but their use of judgments in the 
classifying of words as P, U, and I places the characteristics rated 
gory of meaning. As such, the results be- 


judgments of 


and these operations, 


squarely within the cate 


long with those on meaning. 

Although the results have not always been in agreement, words 
rated as P have frequently been found to be learned most readily, 
with U and I words following in that order.' This is consonant with 
the prediction to which the judgmental theory of feeling leads. 

ant on the basis of a normal positive 


Words judged to be pleas 
response to them or what they represent should be responded to 
to be learned by the devices 


more actively, should be more likely 

of the logical method, and should probably have a richer meaning 

than words which are unpleasant or indifferent. Words judged to be 

unpleasant should be learned less readily than words judged to 

be pleasant, but considerably more readily than those regarded as 

indifferent and which normally elicit no characteristic response. 
This frequent agreement between experimental results on learn- 


1 Representative evidence on the problem may be found in Cason (1932), 
Stagner (1933), Carter, et al. (1934, 1936), and Sharp (1938). Balken (1933) 
reports no difference in the rates at which P, U, and I words are learned. 
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ing as a function of affective judgment and the judgmental theory 
of feeling is not, of course, a crucial support of the theory. Feeling 
may be explained in other ways. The significant thing here is that 
the experiments have operationally treated feeling as a judgment 
and that the results are consonant with the theory. Other experi- 
ments have correlated rates of learning words in different affective 
categories with galvanometric deflections to these words and have 
sought in other ways for relations between rates of learning and 
measures of organic change. Many of the coefficients have been 
positive, some of them relatively high, but it is a question whether 
they should be interpreted as bearing on the relation here under 
discussion, 


The Variable of Size 


In the setting of this problem, size means the spatial dimensions 
of the letters in which verbal materials are printed or the dimensions 
of advertisements, The data on the problem are unanimous in show- 
ing that varying absolute size of type from one list to another is 
ineffective as a determiner of rate of learning, provided only that 
the materials to be perceived are clearly above the subject’s lower 
threshold. Relative size, on the other hand, defined in the better- 
controlled experiments as variable size within a single list (different 
items printed in different sizes of type), or in the experiments upon 
advertising as variable size among comparable advertisements, 
sometimes has a positive influence and sometimes has none. The 
influence here is upon the learning of individual items within a 
series, where the larger items are, if anything, the more rapidly 
learned. When relative size does influence rate of learning, it seems 
to do so by virtue of novelty and “attention value” and by serving 
to introduce pattern and isolation into what would otherwise be 
monotonous materials.? 


*A paper by Karwoski (1931) Teports an experiment on absolute and rela- 
tive size in lists of digits. The experiments ot H., A. Peterson (1909) and 
Achilles (1920) bear on the problem. The papers by Adams and Dandison 
(1927) and Newhall and Heim (1929) give data on the influence of size of 
advertisements. 
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The Variable of Color 


It may be asked whether color, as an attribute of other materials, 
affects the rate at which they are learned. The net result of the 
experiments on the problem is that the color in which learning ma- 
terials are printed is unimportant, unless the material is of such a 
character that color acts as a differentiating factor. Van Buskirk 
(1932) has shown, however, that the introduction of a colored 
syllable in the least advantageous position within a list increases the 
rate of learning at that position. The best available interpretation 
of the role of color in learning is that it is an effective variable only 
when it acts to direct the subject’s activity to the colored material.’ 
The effects of color (and also of size) may be, therefore, an example 
of the Kohler-Von Restorff phenomenon. Introduction into a series 
of an item of unique color, shape, or size may be a method of pro- 


ducing “isolation” of that item. 


MATERIAL AND CERTAIN MODES OF PRACTICE 


Rate of learning is a function both of the material to be learned 
and of the way in which the subject attacks it. The interrelations and 
influence of these two variables is readily seen in studies of rhythm 


dition of memorizing and of logical or substance memorizing 


as acon 
n the sub- 


versus rote memorizing. In both cases, much depends o 
ject. A person may respond to a highly rhythmical poem with a 
minimum of rhythm, treating it almost as if it were prose, Or he 
dvantage of its rhythmic possibilities. His response 


may take full a 
haracter of the material but upon his 


depends not only upon the c 


prior training and his present set. 
The same is true of logical versus rote learning. In conventional 


usage, logical learning means the acquisition of meanings without 
any detailed mastery of the verbal sequences in which they are 
presented, while rote learning is the acquisition of a verbal series 
without any detailed concern for the meanings of the items. The 


s on the variable of color, cf. Achilles (1920), 


3 For representative paper: 
), and Van Buskirk, (1932). 


Brandt (1925), Pialat (1929 
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two are not all-or-none dichotomies, but are the extremes of a 
continuum along which methods of attack are distributed. The 
distinction between them depends both upon the material and the 
subject. A poem that is very meaningful to one subject may be al- 
most meaningless to another, and even 0 per cent nonsense syllables 
may be woven into a meaningful pattern by one learner and re- 
garded as so many unpatterned and refractory items by another. 
Other things being equal, however, the poem will probably be 
learned logically while the 0 per cent nonsense syllables are more 
likely to be acquired by rote. 


The Influence of Rhythm 


The early experimenters noticed that subjects introduced rhythm 
into their repetitions of nonsense syllable lists and that attempts to 
suppress the rhythm decreased the speed of learning (Müller and 
Schumann, 1894). Since then it has frequently been observed that 
subjects do this, even when successive items are presented at ir- 
regular intervals in order to make rhythmization difficult (Smith, 
1907). In the latter case the rhythm is imposed by the learner. The 
less readily the material lends itself to being rhythmized, the more 
slowly does learning proceed (Elkin, 1928). The conclusion that 
the use of some rhythm as opposed to none accelerates learning 
provides one of the reasons why poetry is more easily memorized 
than prose. 

The most advantageous rhythm and accent varies with the ma- 
terial and the individual. Müller and Schumann found trochaic 
rhythm superior to iambic and accounted for this fact by the further 
one that the common accent is on the first syllable of German dis- 
syllabic words. The optimal rhythm may vary with the length of 
the list, as Adams (1915) has shown, and rhythms may be found 
which are less effective than no particular rhythm. 

Acts of skill are often regarded as being less well-adapted than 
verbal materials to rhythmization. The timing of golf shots, typing, 
and many other perceptual-motor acts lies close, however, to the 
category of rhythm. Harding (1933) has studied the behavior of 
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trained typists and has found that the more rhythmical group in 
the typing of test words was the faster. The attempt to superimpose 
a rhythm aided some learners and hindered others. 

The effectiveness of rhythm probably results in part from the 
ts in organizing the material into units which 


way in which it as 
are readily perceived together, in part from the accent it gives to 
certain words or serial positions, which makes them stand out as 
reference points, and in part from the fact that it assists an active 


attitude on the part of the learner.’ 


Logical Memorizing versus Rote 


The experiments on this problem fall into two classes. (a) Items 


individually possessed of little meaning may be arranged in some 


not-too-obvious pattern and the learning of the patterned lists com- 


ith the learning of the same materials when the items are 
uence. This has been done by Guilford (1927) under 
arning. Examples of materials 


pared w 
in a random seq 
the name of the role of form in le 
having such “form” or pattern are series of numbers arranged in 
kind of numerical progression, lists of syllables having an 
tters, or series of words in which 
ook precedence for the sub- 
ng them to be learned as a 


some 
orderly sequence of initial le 
sentences are concealed. The pattern t 
ject over the individual items, permittir 
meaningful series rather than by rote, and more rapidly than series 
which lacked such a pattern.® 

(b) Two similarly constructed sets of materials may be learned, 


but in one case the subjects are instructed either to look for mean- 


ingful relations and to try to organize the items into a “logical” 


4A more detailed account of the early experiments on rhythmical grouping 
is given by Woodworth (1938). 

è This positive effect of patterning is confirmed by Klemm and Olsson 
Cr ), who report that prompting in te 
such as a sum, is much more effective in 
numbers than is mere verbal prompting. 
(1940) comparisons of rote memorizing versus “understanding” in the solution 
of “match tasks” requiring, for example, the reduction of four squares made 
with twelve matches to three squares by moving only three of the matches. 
Snygg’s (1935) experiments with tasks regarded as being “mechanically 
equivalent” clearly rev eal the marked influence of a general principle. 


rms of some mathematical relation, 
the learning of series of four-place 
It plays a major role in Katona's 
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sequence or to learn the ideas regardless of sequence in the passage, 
while in the other they are given the task of learning them as a rote 
series. This type of experiment differs from the one first described 
in that here the subject must organize the material meaningfully 
without the aid of a pattern already “planted” in the material by 
the experimenter. The results are continuous with those of the first, 
the search for or construction of a meaningful sequence being 
definitely superior to rote memorizing (Balaban, 1910). 

In an experiment by Cofer (1941), which compared the repeti- 
tions and time taken to learn prose passages of four different lengths 
both verbatim and for the constituent ideas, the learning of the ideas 
was much the more rapid, being roughly three times as fast with 
the longer passages. That this is true has long been recognized in 
the educational emphasis on the acquisition of meanings rather 
than on the rote learning of words. 

A wide variety of devices may be employed in the attempt to 
organize disparate items. Sequences of nonsense syllables suggest 
a word and are learned by means of this mnemonic aid; digits 
compose a familiar telephone or license number or date; meaningful 
words are supplemented by other words to make a sentence in 
which the words to be learned are the key ones; items are given 
arbitrary spatial relations, either absolute or relative; and in many 
other ways the items are fitted into the subject’s repertoire of re- 
sponse." The usefulness of these mnemonic devices is shown by 
the fact that in one of Reed's (1918) experiments Latin-English 
vocabulary pairs with which associative aids had been used were 
learned in half the number of prompts required by unaided pairs. 
As learning proceeds, however, the mnemonic aids tend to disap- 
pear; the items have become directly connected and are recalled 
without the mediation of the auxiliary devices. It is almost certain 
that associative aids peculiar to the material being learned and to 


the person learning it are more effective than artificial mnemonic 
schemes into which the material is forced, 


ê The three monographs by G. E, 


: Müller (1911, 1915 7 i 
information about associative aids, : 1913, 1917) are a mine of 
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The Superior Effectiveness of Meaningful Relations 


Whether we define meaning as associative value or in some other 
way, the meaning of materials learned is a much more potent de- 
terminer of the rate of their learning than are such characteristics 
as size or color. When the meaning of a material is not easily avail- 
able to a learner, he may accelerate his rate of learning by a search 
for meanings, by the imposition of rhythm and pattern, by new 
groupings of the items, by noting spatial relations, and by other 
devices whereby he may make the material more meaningful and 
thus assimilate it more readily into his already existent patterns of 
response. This use of the so-called “logical” method is commonly 
superior to the rote method, but this need not be universal. Sub- 
jects differ considerably in the extent to which they employ a logical 
method on material which permits its use (Carlson and Carr, 1940). 
The relative effectiveness of the two methods may be a function of 
the specific materials practiced and of the habits and other char- 
acteristics of the learner. If one is habituated to the rote method, 
the attempt to employ a logical method might retard learning, at 
least initially, and an attempt to apply the logical method to ma- 
terial little susceptible to it might be less effective than rote learn- 
ing. 
The conclusion that there is a high positive correlation between 
meaningfulness of material and rate of learning holds under a very 
wide range of conditions. The greater effectiveness of the logical 
than of the rote method seems to hold over almost as wide a range. 
The first conclusion implies the generality of positive transfer; the 
second suggests that learning is not a passive chaining of adjacent 
items, but requires instead an active, analytic mode of response. 


Meaningful Relations in Perceptual-Motor Learning 


meaning is not confined to the learning of 
ate a perceptual-motor prob- 
ingful relations appropriate 


The imposition of 
verbal materials. Many subjects formul 
lem, such as a maze, in terms of mean 
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to the problem. They formulate the correct path in terms of a verbal 
map by which they guide their movements, they note spatial rela- 
tions, and in varied wavs construct a meaningful pattern. The 
specific meanings are different from those of verbal materials, but 
their basic character seems to be much the same. Those who use 
the more verbal and meaningful methods of attack learn a maze 
more rapidly than do those who employ a “motor” method, “follow- 
ing the lead of their hands,” without employing a pattern of rep- 
resentative devices (Warden, 1924b; Husband, 1931). In learning a 
foot maze, subjects may localize and guide their movements through 
orientation with respect to landmarks (W. Brown, 1932). Likewise, 
in Barker’s (1931) temporal maze, subjects may rely on landmarks 
and meaningful relations. 

All these are not radically different from the logical method in 
verbal learning. In both cases the learner is seeking to organize 
meanings to the end of controlling overt response thereby. The 
pervasive presence of representative devices and meaningful rela- 
tions in the learning of perceptual-motor acts emphasizes the 
ubiquity of meaning. 


THE SENSE ORGANS STIMULATED 


Material to be learned must necessarily be presented to one or 
more of the sense organs of the subject. It may be presented in the 
precise form in which it is to be acquired or in the more general 
form of a problem situation, the solution of which is to be dis- 
covered and fixated. In either case the response to the material or 
act to be learned is mediated by the receptors. Even in the case of 
highly abstract rational problems, where the perception of the prob- 
lem is the brief starting point of a long series of symbolic events, 
the fact of presentation is still discernible; only in the case of ra- 
tional problems indirectly set by prior ideational activity does the 
presentational aspect of learning vanish, 

Learning materials are describable, therefore, as visual, auditory, 
kinaesthetic, and so on through the list of sensory modalities, and 
their combinations. It follows that the problem of the relation 
between sense organ stimulated and rate of learning is intimately 
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connected with that of learning as a function of the character of 
the material. The factor of the sense organ has been treated by ex- 
perimenters as independent because it is so often possible to control 
which sense organs are stimulated. One can compare rate of learn- 
ing under visual stimulation with rate under auditory, but one must 
remember in interpreting the results that modality of stimulation 
does not wholly determine the subject’s apprehension of the material. 
He may straightaway translate material presented to one sense 
organ into terms of other modalities. If unaccustomed to auditory 
presentation, he may attempt to imagine the material visually or 
to speak it subvocally or he may make implicit movements of writ- 
ing or drawing it. The receptor is the starting point of the practiced 
response, but is by no means its sole determiner. 

In view of this, it is remarkable that so much has been written 
about the influence of the sense organs upon the rate of learning. 
The net results with verbal materials may be summarized very 
briefly. Some experiments have found visual presentation of verbal 
materials superior to auditory (Gates, 1916; Koch, 1930), while 
others have found auditory presentation to be more effective ( Hen- 
mon, 1912). Use of both Visual and auditory stimulation in combi- 
nation has usually been found superior to the poorer of the two 
when they are used separately and to be superior in some cases to 
either one (Smedley, 1902; Henmon, 1912; Koch, 1930). When, 
however, kinaesthetic stimulation in the form of movements of 
articulation is added to visual stimulation, to auditory, or to the 
two combined, the most frequent result has been an increase in rate 
of learning (Cohn, 1897; Barlow, 1928). Although the evidence 
available is less extensive, it seems probable that hand movements 
ant responses may often exert a facilitating 
etic to visual or auditory stimula- 
s more uniform in appearance 
of combined auditory and 


and perhaps other relev 
influence. The addition of kinaesth 
tion exerts a positive effect which i 


and usually larger in amount than that 
While the conclusions stated in this paragraph 
the use of disparate serial lists, 


cases for connected mean- 


visual stimulation. 
have been reached primarily by 
there is evidence that they hold in some 


ingful materials. 
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The differences which appear between modes are usually small 
and irregular in direction. It is apparent that no one mode of stimu- 
lation is generally most advantageous. Which mode of presentation 
will yield the most rapid learning in a particular instance depends 
upon a host of other conditions of the learning process and upon 
the characteristics of the individual learner. 


Conditions of Which the Influence of the Sense Organ 
Stimulated Is a Function 


(a) Rate of learning under a given form of stimulation is in- 
creased by practice with that form of stimulation, and practice seems 
to be the most potent variable in determining the influence of a 
particular mode. A student accustomed to learning from lectures 
or the radio may learn faster from auditory than from visual pre- 
sentation by virtue of this practice, and, conversely, accustomedness 
to learning by reading may make visual presentation dominant. (b) 
Chronological age is a variable necessarily correlated with practice, 
since increasing age brings varying amounts of practice with the 
different modes of stimulation. The data indicate that auditory 
presentation is often more effective than visual for relatively young 
children and that it tends to become less effective as the age of the 
subject increases. 

(c) The material learned constitutes a third variable. The learn- 
ing of connected meaningful materials is often less affected by mode 
of presentation than is the learning of disparate items. This seems, 
in turn, to be a function of a fourth variable (d), the mode of ap- 
prehension, to which reference has already been made. The subtlety 
and richness of the representative and reactive devices of the human 
subject permit so ready a translation of the material into other terms 
than those in which it is presented that mode of stimulation may be 
unimportant, except in cases of very strong habituation to a par- 
ticular mode. (e) Individual differences in ability to use different 
sensory cues are probably brought about in large part by the four 
variables here described. Carlson and Carr (1938) have shown that 


such individual differences exist and have suggested that they may 
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account for many of the experimental results on the influence of 
sensory modality. 

Experimenters have suggested a number of inferential conditions 
upon which little or no quantitative evidence is available. The 
greater effectiveness of visual stimulation, when found, has been 
accounted for by the greater clarity of impression which it affords 
and of the unity with which it permits the material to be appre- 
hended. Auditory presentation., on the other hand, in addition to 
its frequent lack of perceptual clarity, centers attention upon smaller 
units and gives to each a relatively brief stimulation. It seems, how- 
ever, to arouse a more active response on the part of the learner. 
Indirect evidence in support of this observation is provided by the 
fact that in an experiment by Moore (1919) the immediate recall 
of factual material is considerably higher when the subjects hear 
it spoken without a manuscript than when they hear it read from 
a manuscript. Moore refers this difference to the greater attention 
value of the spoken material. This interpretation is supported by 
the fact that with another material, when the subjects under the 


two conditions were competing against each other, and when mo- 


tivation and attention were approximately the same in the two 
groups, the spoken material was the better recalled by only a 
negligible amount. 

When visual and auditory presentation are used together, sub- 
jects seem to be distracted by the lack of complete simultaneity of 
the two and lose whatever advantage would result from summation 
of the two stimulations, if other things were equal. The addition of 
subvocal articulation facilitates rhythmization, which in turn favors 


learning, and carries the advantage of reinforcement from the sub- 


ject’s common way of handling verbal materials. 

Sensory stimulation is a necessary condition of learning, but 
learning occurs with much the same rapidity through any of the 
major modalities, granted only that practice with a given modality 
and a few other conditions are equal for each modality. The par- 
timulated, or the sensory character of the 
e chooses to call it, joins such characteristics 
elv unimportant determiners of rate of 


ticular sense organ s 
material, whichever on 
as size and color as relativ 
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learning. Meaningfulness stands out as the dominant condition, 
while these others become influential only when they increase 
meaningfulness, enhance motivation. or act in some other way than 
by virtue of their qualitative sensory or receptor characteristics 
only.” 

The problem of the influence of the receptor stimulated is not 
confined to verbal materials, but is present wherever learning takes 
place. It figures in the influence of stimulating context, of muscular 
tension, of knowledge of results and effect, and of many other con- 
ditions to which we shall come, to say nothing of the question of 
the sensory control of habits in animals, which lies outside the scope 
of this book. Experiments on many of these conditions have demon- 
strated that stimulation of more than one receptor is somewhat more 
effective than stimulation through a single receptor. 


DIFFERENT FORMS OF PRESENTATION TO THE SAME MODALITY 
Different Exposure Methods 


Material may also be presented in different ways to the same 
modality. These ways involve different spatiotemporal arrangements 
and, although a different arrangement may also alter the meaning 
of the material, the arrangement has been used as the objectively 
controlled variable. For example, Gordon (1903 ) compared the 
rates of learning when lists of syllables were exposed in five dif- 
ferent ways: (a) successively along a horizontal line; (b) in regular 
succession around a circle; (c) successively at the same window: 
(d) successively, but at irregular points along the same line; and 
(e) in irregular succession around a circle. The first two methods 
of exposure gave the faster learning, but the differ 
are of the order of one trial. She interprets these and other results 
to mean that a coupling of regularity of exposure with a relative 
complexity facilitates learning. The complexity also introduced 


ences involved 


7 It should be observed that the relevant comparisons are between rates of 
learning material which is appropriate to the receptors concerned Th bee ie no 
point to the question whether material which provides inadequate afieralitien 
to a given receptor is as rapidly learned through it as throu He A Y for 
which it is adequate. gh a receptor fo 
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novelty. The introduction of movement by drawing the materials 
on an exposure window or by drawing a blank card across the face 
of the card bearing the material to be learned slightly facilitates 
learning (Warden, 1926). 

These are illustrative of spatiotemporal modes of presentation, 
the results upon which are continuous with those upon size, color, 
and sensory modality in showing very small influence upon learn- 
ing. What influence spatiotemporal modes do have is probably 
exercised by means of the novelty they introduce, the greater ac- 
tivity they arouse on the part of the subject, and possibly the ad- 


ditional mnemonic cues they make available. 


Temporal Sequence of Paired Associates 


When we turn from the “mechanical” exposure methods to the 
variables which more directly involve the material and the sub- 
ject’s reaction to it, greater differences appear. A list of paired as- 
sociates, analogous to a vocabulary list, may be presented in an 
unvarying order until it is learned, or in an order which changes 
the sequences of the pairs at each presentation of the list. The usual 
instruction to the subject is to learn the pairs without reference to 
order, to practice so as to be able to give the response term when 
the stimulus term appears, but in spite of this the order of the pairs 
makes a difference. When ten paired nonsense syllables and nouns 
are given five presentations, in one case with unvarying order and 
in the order with five different orders, the amounts recalled at the 
following test are shown in Table XXX, in which N 
three lists practiced under each condition. The 
a significantly smaller amount of learning at 
y of serial position, with the resultant con- 


immediately 
is 30 for each of the 
varying order yields 
each sampling. Continuit 
nection of both adjacent 
response terms only, which it 


and remote pairs or even of successive 
makes possible, and the more stable 


set or expectancy which it engenders, yields much the faster learn- 


ing. A varying order of presentatior 
ever, because it forces the subject to asso 
with the first without regard to serial associations. 


a is commonly employed, how- 
ciate the second member 
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Connections between the two members of a pair are more readily 
made when the more familiar or more impressive member occupies 
the initial position, the familiar members being common words and 
the unfamiliar ones nonsense syllables (Winzen, 1921; Cason. 1933), 
the more impressive one being a word such as kiss, insane, vomit, 
and the less impressive a word such as paste, aim, neglect (Thorn- 
dike, 1932). It may be by virtue of the greater associative context 
which it possesses and into which it assimilates the second member, 
and possibly by reason of the more effective set which it arouses. 
that the more familiar or more impressive member enters into as- 
sociation more readily when it comes first in the pair than when it 
comes second. 

TABLE XXX 
NUMBER or ĪTEMS LEARNED UNDER SAME AND VARYING ORDERS 
OF PRESENTATION OF PAIRS 
(From McGeoch and McKinney, ]. exp. Psychol., 1937, 20, p. 63) 


Condition and Sample 


Same Order Varying Order 
I 2 3 I 2 3 
Mean 7.60 8.43 8.70 5.46 5.86 5.90 
om 45 36 29 42 .48 39 


Perceptual-Motor Activities 


Comparisons of the rates of learning perceptual-motor activities 
when they are presented in different ways to the same modality 
have been made chiefly with mazes, where the same pattern can be 
learned both as a stylus maze and as a high-relief finger maze. 
Traversal of both involves touch and kinaesthesis, but contact with 
the path of the stylus maze is through “a point of extended touch” 
(Miles, 1928), while in the finger maze the subject has direct cu- 
taneous contact. The finger maze is learned the more rapidly of the 
two (Nyswander, 1929), probably because the more direct and 
complete contact with the path yields more complete information 


to the subject about the character of the path and the location of 
the blind alleys. 
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THE INFLUENCE OF AMOUNT OF MATERIAL 


Whatever is to be learned must be practiced in some amount per 
practice period, which raises the question of the relation between 
the amount of material which is practiced as a unit and the time 
required to learn it. Does a list of 16 words take twice as long to 
learn as a list of 8, and one of 24 three times as long, or what is 
the relation? In this illustrative question the relation between in- 
creasing length of list and the times required to learn is one of 
simple linearity. Difficulty, as measured by time, might increase, 
however, at a disproportionately faster rate than the increases in 
length of list, or at a disproportionately slower one. The problem 
is to find the relation and the conditions with which it varies. The 
question of the influence of the amount of material will be recog- 
nized as another aspect of the total problem of learning as a func- 
tion of the material and its modes of presentation. 

Not all learning materials are composed of formally equal parts 
which lend themselves satisfactorily to arrangement in different 
amounts. Verbal materials obviously do; mazes with homogeneous 
alleys can be constructed with any desired number of them; some 
rational problems can be constructed in equal units; but ball-tossing, 
pursuitmeter practice, and many rational and relational problems 
have not been arranged thus and would be difficult to arrange. 


Memory Span 


e starting point of the present prob- 
lem. The span is not a constant value, of course, but is a function 


of the age of the subject, the character of the items presented, the 
d other conditions.* The auditory digit 


A subject's memory span is th 


method of measurement, an 


have used an unfortunately wide diversity of methods in 
Guilford and Dallenbach (1925) have collected 16 
different ways of evaluating the number of items correctly reproduced, 9 
systems of weighting the right responses, and 2 calculated scores which take 
into account the fact that difficulty is a function of serial position. Through 
these 27 methods runs only the common feature that they apply to immediate 
recalls of series presented but once. Add to them the diversity of conditions 
under which the items have been presented, and one has a picture of pointless 


8 Experimenters | 
measuring memory spans. 
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spans for college students show a fairly close grouping between 6 
and 8.° Ebbinghaus’ span for nonsense syllables was 7, and adults’ 
spans for meaningful words are usually higher. They are, in turn, 
higher for sentences than for disparate words, thus corroborating 
the conclusion stated earlier in this chapter that there is a high 
positive correlation between meaningfulness and ease of learning. 

The earlier investigators sometimes tacitly assumed that a span 
value was a constant, an all-or-none point beyond which a subject 
could not go. Later work has made clear, however, that a span value 
is an average and that there is a continuity of performance from 
points below this value to the much longer lists which require many 
more than one repetition for mastery (cf. Guilford and Dallenbach, 
1925). Studies of the relations between amount of material and 
rate of learning have usually been made with lengths beyond the 
span, but a systematic view of the problem includes the span as 
the lower limiting case of the relation under one set of conditions, 
inasmuch as it is the longest list which can be entirely recalled after 
one repetition. 

Span values are not lower limiting cases in the major experiments 
on the relation in question, because the operations of measurement 
employed with longer lists of material are not those used in de- 
termining spans. Spans are measured by starting with lists of items 
short enough to be recalled correctly by the subject and then ex- 
tending the lists until the subject fails a specified number of times 
with a given length. Relations between amount of material and rate 
of learning are usually determined by starting with lists which are 
at or beyond the subject’s span, and by methods, such as anticipa- 
tion or paired associates, which do not readily permit determination 
of the span. 


diversity. In an experiment of their own, Guilford and Dallenbach have applied 
the principle of the psychophysical method of constant stimuli and the ans 
tical limen to the determination of memory span for digits, defining the span 
as that length which has the probability 0.5 of being reproduced, The obtained 
spans vary between 6.7 and 9.9. Their paper contains a useful bibliogra oh 

9 The fact that the span values for college students group in Ke Eon 
from 6 to 8 is mirrored in the digit span required to pass at the adult level of 
e Intelligence Scale (Terman, 1916; Terman and Merrill, 
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Amounts of Verbal Material Beyond Span Length 


When learning is to some criterion, we are concerned with the 
relative amounts of work required to learn different amounts of the 
same material, using amount of work as a measure of difficulty. 
Trials required do not give us this information, because each trial 
is counted as one, regardless of the length of the material. Trials 
increase in temporal length as the number of items in the list 
increases. Thus, when presentation rate is constant, a list of 10 items 
takes only half as long to present as a list of 20 items. For the rela- 
tion under discussion, then, time taken to learn is the basic measure. 

Experimenters have seldom worked with such large amounts of 
materials as those studied by Lyon (1917), some of whose results 
are shown in Table XXXI. Time taken to learn both syllables and 


Taste XXXI 


Time Taxen To Learn VARYING Amounts OF MATERIAL 


(From Lyon, J. educ. Psychol., 1914, 5, and Memory and the 
learning process, 1917) 


Syllables Prose 
No. of Syllables Time in Min. No. of Words Time in Min. 

8 +13 5° 2.25 
12 1.50 100 9.00 
16 3.67 200 24.00 
24 5.00 600 84.00 
32 ~ 6.00 1,000 165.00 
48 14.00 3,000 780.00 
72 25.00 5,000 1625.00 
104 3.7.00 7,000 2065.00 
200 93.00 10,000 42.00.00 
300 195.00 15,000 5475.00 


prose passages increases at a rate which is disproportionately faster 
than the increase in amount of material. Where 50 words of prose 
9.95 minutes, 100 words required four times 
ot show uniform relative increases 


could be learned in 
as long, and so on. The data do n 
in difficulty, but there is a clearly greater increase in time than is 


proportionate to the increase in number of items. This is shown by 
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the accelerating curve of Figure 52 in which the total number of 
syllables presented (which is the same as time taken, since presenta- 
tion rate was nearly a constant) is plotted against the number in 
the list. When the data for prose are plotted, they show acceleration 
up to 10,000 words, at which point deceleration appears.” These 


200 
190 


140 


90 


TIME IN MINUTES 


0816243248 72 104 200 300 
NUMBER OF SYLLABLES 
Fic, 52. A RELATION BETWEEN NUMBER OF SYLLABLES AND Time TAKEN TO 
LEARN BY READINGS ONCE PER Day 
(From Lyon, Memory and the learning process, Plates I, VII, and VIIa) 


The lengths actually used are recorded on the abscissa; the times actually 
taken are recorded to the nearest tenth on the ordinate. 


data and the curve in Figure 53 for the relation between length of 
list and time required to learn it by the anticipation method are 
representative of a large amount of data. Whether the deceleration 
found by Lyon from 10,000 to 15,000 words of prose holds for very 
large amounts of other materials is unknown, but the dispropor- 


tionate increase in difficulty (time) holds over the band of lengths 
used under ordinary conditions. 


10 Lyon’s monograph (1917) contains i i 
; £ a brief review > work is 
problem prior to 1917. While the conditions of EE e se a e na 
Sern An, a, A n experiment W 
ane as subject are not ideal, his data have been cited tahoe they are the 
est available over a wide range of amounts and because the a we with 
those of other experiments over the lower region of this ra aoe a ay be 
taken as representative. Tange ae ONY 
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NUMBER OF SYLLABLES IN LISTS 
Fic, 53. A Curve SHOWING THE RELATION BETWEEN RATE OF LEARNING AND 
LENGTH OF List 
(From Robinson and Heron, J. exp. Psychol., 1922, 5, p. 442) 


Amounts of Nonverbal Materials 


Some learning materials do not lend themselves unequivocally 
to use in experiments on this problem, even though they can be 
constructed in superficially equal units. Mazes with homogeneous 
alleys are composed of equal physical units, but under the usual 
conditions of practice the subject's response to them may be much 
more variable than his response to the units of a verbal series. 
During any given run from start to goal of a maze, he may enter 
any number of the alleys from very few to all of them, he may enter 
them in variable order (if retracing is allowed), he may spend 
ne in each alley entered which differs from alley to 


amounts of tir 
e of movement. The 


alley, and he is free to determine his own rat 
different from that of serial verbal learning 


maze situation is very 
and measures of the relations between 


with constant exposure rate, 
and difficulty are somewhat less clearly interpretable. 


length of maze 
d here as measures of difficulty if one 


Time and errors may be use 
remembers the variability of response possible in a maze. 
Results with mazes may be illustrated by the results of Scott and 


Henninger (1933), whose subjects learned the Miles (1931) X-maze 


492 THE PSYCHOLOGY OF HUMAN LEARNING 


in lengths of 4, 5, 6, 8, and 10 alleys and the Warden (1924a) U-maze 
in lengths of 6, 10, 12, and 15, both in high-relief form. The curves 
for time (Fig. 54) and for errors (Fig. 55) approach in form the 
curve obtained by Robinson and Heron (Fig. 53), the only devia- 
tion being the time curve for the U-maze, which is linear. It is to be 


TIME 


4 5 6 7 8 9 WOH I2 I3 14 b 
NUMBER OF ALLEYS 


Fic. 54. Curves FOR Time IN LEARNING Fincen Mazes PLOTTED AGAINST 
NUMBER OF BLIND ALLEYS 


(From Scott and Henninger, J. exp. Psychol., 1933, 16, p. 671) 


ERRORS 


45 6 7 8 9 10 U I2 13 14 15 
NUMBER OF ALLEYS 


Fic. 55. Curves FOR TOTAL ERRORS IN LEARNING FINGER Mazes PLOTTED 
AGAINST NUMBER OF BLIND ALLEYS 


(From Scott and Henninger, J. exp. Psychol., 1933, 16 p. 670) 
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expected that the relations obtained with mazes should be a func- 
tion of a large number of relatively specific variables, illustrated by 
the individual and shifting cues which may lead the subject to enter 
or to go past a cul-de-sac. Under some conditions, such as those of 
Scott and Henninger, however, results resembling those with verbal 
materials have been obtained. 

Peterson Rational Learning Problems ™ (1918), which, in the 
pattern of activity required, lie between the acquisition of a fixed 
verbal series and the more selective process required in learning 
activities, show an analogous disproportionate in- 


perceptual-motor 
crease in difficulty with increasing length. In Table XXXII the 


Tase XXXII 


Rarios or DIFFICULTY OF THREE PETERSON RATIONAL 
LEARNING PROBLEMS 


(From McGcoch and Oberschelp. J. gen Psychol.. 1930. 4. P- 157) 


Pairs Time Logical Perseverative Unclassified 
Problem Presented CMin.) Errors Errors Errors 
6-letter 1.00 1,00 1.00 1.00 1.00 
r2-letter 5.55 7 12.51 82.28 8.01 


71 
18-letter 7.57(1.36) 10.57(1.47) 20.22(1.61) 137.04(1.66) 15.00(1.87) 


scores made on the 6-letter problem are taken as unity in computing 
the major ratios, while the ratios between those on the 12-letter 
and 18-letter problems are given in parentheses. When the 6-letter 
problem is taken as the base. the two other lengths are more difficult 
to a degree which is markedly disproportionate to their lengths. 
The increase from 12 to 18 letters is accompanied by an increase in 
roportionate to the increase in length. 


all measures, which is less disp 
n has been found by Cook in mental 


A corresponding disproportio 
11 The Peterson Rational Learning Problem consists of a series of letters, as 


A, 
3. 4 “y D, with each of which is paired a number between specified limits, 
as between 1 and 4 in the short illustrative problem. The experimenter speaks 


the first letter, and the subject is to discover by trial and error which number 
is paired with that letter; then the experimenter calls out the next letter, and 
so on. A logical error is he guessing of a number already used for an earlier 
letter in the series; a perseverative error is repeating a wrong guess while react- 
ing to a single letter; and unclassified errors are all other wrong guesses. 
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addition and subtraction (1937a) and in a disc transfer problem 
(1937b ). His subjects solved problems in mental addition and sub- 
traction involving 2, 3, 4, 5, and 6 digits, of which a sample 6-digit 
problem requiring both addition and subtraction was: 6 + 3 — 7+ 
5 — 4 — 1. They were instructed not to begin to solve the problem 
until the experimenter had finished reading the digits, so that the 
task was one in immediate memory as well as in simple arithmetic. 
The time increases much faster than the number of digits, roughly 
as the cube of the number of operations with 3, 4, 5, and 6 digits. 
The disc transfer problem, which is a form of puzzle requiring the 
moving of a set of blocks from one point to another in the least 
possible number of moves, was presented in lengths of 3, 7, and 15 
moves. Again time and errors increase rapidly and disproportion- 
ately with length. 


Conditions of Which the Influence of Amount 
of Material Is a Function 


Over a considerable range of lengths and of materials, a ais- 
proportionate increase in difficulty, as measured by time taken to 
learn and sometimes by errors, has been found. Not all materials 
are amenable to construction in comparable units, however, and not 
all of those which might be arranged thus have been studied. As 
we have seen, the time curve for the U-maze employed by Scott and 
Henninger is linear, and it may be that the length-difficulty rela- 
tions are functions of the material learned. There are other condi- 
tions, however, which have been more clearly shown to influence 
the relation. 

(a) The practice level attained by the subject at the time the 
records are taken may influence the relation, the disproportionality 
between length and time taken to learn being less at higher levels 
of practice, but there is no certainty that even a high degree of 
practice can remove the fact of disproportionality, especially with 
disparate serial lists, although it may change the slope of the time- 
length curve. 


(b) In Lyon’s (1917) experiments the disproportionate increase 
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in time for learning increasing numbers of syllables and digits was 
more pronounced when practice was massed than when it was dis- 
tributed, but the difference between massing and distribution is 
small when prose and poetry constitute the material. A similar in- 
fluence from distribution appears in the time and error records of 
Cook’s (1937d) experiment with finger mazes in 4. 8, and 12 units 
and in Hovland’s (1940) data for nonsense syllables in lists of 8, 
11, and 14. 

(c) It makes a difference whether measurement is by immediate 
recall or by learning to a criterion. The subjects may be given but 
a single exposure of syllable lists of different lengths, followed by 


immediate recall, so that one influence of length is measured by 


the amount recalled at each length. Shurrager (1940) has done this 
with lists varying from 3 to 36 syllables and has applied the Thur- 
stone-Woodrow (1925, 1936) scaling technique to the results. The 
mean per cents correct fall at a decelerated rate when plotted 
against length, and the scaled difficulty values rise with decelera- 
tion. This is analogous to the results obtained by Calhoon (1935). 
The failure to find the disproportionality between length and diffi- 


culty which so often appears when learning is to a criterion may be 


ascribed to the method of single presentation with immediate re- 


call. 
(d) Time taken to learn increases much more steeply with in- 
learned verbatim than when 


creasing length when prose passages are 
the logical 


they are learned for the constituent ideas—that is, by 


method (Cofer, 1941).!2 Material is here a constant, while instruc- 


tion, set, and method of learning vary. 
(e) Related experiments permit us to in 


12 The increases in trials with increasing length of passage, on which Cofer 
(1941) places the greater emphasis, are decelerated, as have been the trial 
scores in a number of experiments. The discussion in the text has been limited 
to measurements in terms of time, because time is the more unequivocal unit in 
which to measure the difficulty of materials of different length, where trials 
vary in temporal duration as length varies. In Cofer’s experiment, which is of 
high importance as a study of verbatim versus logical learning of the same 
materials, a trial consists both of a single reading and the immediately follow- 
ing attempted recitation and is therefore of inconstant duration even with a 
single length of passage. For the present purpose, the time records are the 


more important. 


fer that still other con- 
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ditions are important. Among these others are the characteristics of 
the subjects, such as age, intelligence. and species, the magnitude 
of the groups with which the subject is able to work, and the in- 
structions given to the subject." 


HYPOTHESES ABOUT LENGTH-TIME RELATIONS 


An adequate hypothesis should account for the fact that diffculty 
of learning increases with increasing amount of material and that it 
so often does this disproportionately. Relatively little effort has been 
directed at finding such an hypothesis. Certain of the suggestions 
of the early investigators are not now acceptable. 

(1) Offner’s (1909, 1924) supposition that, as material increases 
in amount, less attention is paid to each item seems to assume a 
constant amount of attention which must be attenuated if it is to 
spread over a long list, but which is relatively concentrated if the 
list is short. This view cuts across the working conceptions of con- 
temporary research and would be, in any case, difficult to defend 
in the light of current controlled exposure methods and careful in- 
structions. 

(2) The fatigue theory of Myers (1925), which assumes longer 
series to be more fatiguing and hence to receive less attention, is 
related to Offner’s. Certain difficulties with fatigue theories of psy- 


13 Several attempts have been made to state the relation between length of 
list and difficulty of learning in the form of an equation which is usually put 
forward as representing a general law. In connection with his rational equa- 
tion for the learning function, Thurstone (1930) has formulated the hypothesis 
that the relation between number of items in a list and the time required to 
learn would follow approximately the following law: 


£ L n 
= T nVn-a 
iE d 


in which T is the total learning time, k is the subject’s learning constant, ¢ is a 
criterial constant, n is the number of items in the list, and a is the subject's 
attention (memory) span. The hypothesis, which is limited to menle 
material learned by a single practiced subject, has been tested on data From 
Lyon and others and has been found to yield a satisfactory fit. The Thurstone 
equation adequately describes the data gathered under the experimental condi- 
tions obtaining, but how far it can be generalized to other conditions is yet 
unknown. The fact that the phenomena of learning are functions of their Tea 
mining conditions does not mean that results upon them cannot be described 
in equational terms, but it does mean that the generality of any equational 
expression must be tested upon experimental data before it can be oe 
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chological phenomena have been mentioned in Chapter V. Such a 
theory is contradicted here by the fact that shorter lists are easier 
than longer ones under distributed practice, even when the repeti- 
tions of each are at the rate of one per day and when fatigue must 
have been minimal, and by the further fact that the increase in 
difficulty is out of proportion to the increase in length. The lack of 
difference between the length-time relations under massed and 
distributed practice when meaningful material was learned, al- 
though a difference did appear with disparate items, strongly implies 
that some other conditions than fatigue is basic. 

(3) Practice involves both work and learning, but in most ex- 


periments the latter masks whatever decrement may accompany 


the former. Bills and Brown (1929), in an experiment designed to 
ather than learning, have discovered a condition 


which seems applicable to the length-time problem and which in- 


cludes most of whatever validity the two theories first mentioned 


may be alleged to possess. They find that the steepness of the work 


decrement varies directly as the amount of work with which the 


subject is faced at the start, or with his quantitative amount set. It 
will correspond to the 


is to be expected that a subject's amount set 
length of list he has before him for practice, and hence the longer 
the list, the greater will be the work decrement and the more will 


learning be retarded. This may be one effective condition, but it 
can scarcely be the major one. It is offered here as one possibility, 
although we do not know from direct test whether amount set 
operates in learning experiments as it did in the work experiments 


where it was discovered. 
(4) Carr (1925) has suggested that 
already learned items which occurs with in- 


needless repetition of 
creasing amount of material may account in part for the length- 


time relations found with verbal materials. Some parts are learned 
before others, and the ones learned earlier are unnecessarily re- 
peated while the later ones are being acquired.”* 


14 Continued repetition of items already learned can be avoided in experi- 
ments with paired associates by using Woodworth’s ( 1914) method of dropping 
each pair from the list as soon as its response member has been recalled a 
specified number of times. This has been done by Sand (1939). 


investigate work r 


the increase in amount of 
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Both needless repetition of items already learned and the phe- 
nomenon of amount set may be conditions of obtained length-time 
relations, but it seems probable that a theory in terms of intraserial 
inhibition is more general. The two theories of this kind that were 
discussed in Chapter IV as theories of serial position phenomena 
also apply here. 

(5) Hull’s (1940) hypothesis that the bowed serial position curve 
is a function of the remote excitatory tendencies spanning inter- 
mediate items and that total amount of inhibition is given by the 
number of these tendencies which span any given item applies to 
the length-time relations also. As length of series increases, the 
number of spanning excitatory tendencies and the amount of inhibi- 
tion, and therefore difficulty of learning, will increase. Thus, in lists 
of 7, 9, and 11 items, the numbers of possible forward excitatory 
tendencies spanning the middle items are 9, 16, and 25, respectively. 
If inhibition increases as these numbers do, and if difficulty in- 
creases as does inhibition, the obtained experimental results would 
follow. 

(6) The second theory in terms of intraserial inhibition ascribes 
the length-time relations to the combined operation of proactive 
and retroactive interference. The addition of each item to a series 
increases the number of items which may exercise both a proactive 
and a retroactive influence. It will be remembered that Foucault 
(1928) discovered both that the number of words in the first posi- 
tion which were forgotten and, to some extent, the number in the 
last position increased as the list lengthened and that the combined 
action of proactive and retroactive inhibition is greater than the 
simple sum of the inhibitory influences of the number of preceding 
and following words, measured in lists containing that number. 
This theory, also, can account for the result that difficulty increases 
faster than length. 

Either of these interpretations in terms of intraserial inhibition is 
reasonable. At the present time the second appears the more able 


15 The statement in the text is an oversimplification of the Hull position 
For a more detailed statement than can here be given, the desir should 
consult the original monograph (1940), where a number of important theorems 
and corollaries about learning as a function of length of list “i stated 
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to incorporate the data upon other materials than serial lists. Which- 
ever form of inhibition theory is supported by future research, there 
is the possibility that it will be supplemented in some degree by the 
action of other conditions, such as amount set and needless repeti- 


tion of already learned items. 


WAYS OF DIVIDING THE MATERIAL TO BE LEARNED: 
WHOLE VERSUS PART METHODS OF PRACTICE 


A learning material or activity which can be divided into parts 
may be practiced in either of two different ways: (1) It may be 
hole,® in the sense that it is repeated from begin- 


repeated as a w 
e criterion is reached, or (2) it may 


ning to end at each trial until th 
be divided into two or more parts, each of these parts being prac- 


ticed as a separate unit and then connected with each other. The 
second or part method divides into certain subclasses, some of 


which approach the whole method. Three of them will be described. 
(a) In the pure part method each part is separately learned to a 
criterion, after which all the parts are repeated in sequence as a 
whole until the whole has been brought to the criterion already 


attained by each part. (b) By the progressive part method Parts 1 
and then combined to form a whole. 
then practiced with Parts 1 and 2, 
parts until the original 


and 2 are mastered separately 
Part 3 is next learned separately, 
and so on by the progressive addition of 
whole has been learned. (c) The repetitive part method consists of 
mastery of Part 1, then practice of Parts 1 and 2 together, next of 
Parts 1, 2, and 3 together, and so on until all have been learned. 
Whether learning is more rapid by the whole method or by some 
variant of the part method is a question which has stimulated a 
large amount of experimentation, beginning with Steffens (1900) 


and continuing through Pechstein’s (1917) and Reed’s (1924) 


provocative research to the more recent work of Crafts (1929, 1930, 


ents on this problem have employed a quantita- 
arts, such as that a poem of ten stanzas is the 
art, or that a total maze is a whole 
36a), however, has employed a 
t. In this connection, see 


16 A majority of the experim 
tive definition of whole and p 
whole and each block of two stanzas is a p: 
and each of four sections is a part. Seagoe (19 
gestaltish conception of a whole as a qualitative uni 
also a paper by Rubin-Rabson (1940). 
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1932), Cook (1936; 1937c, d; 1939a. b). and others." The conclu- 
sions drawn from some of the early work rested on small differences 
of unknown or doubtful significance and reflected a constancy atti- 
tude, according to which one method or the other was assumed to 
be generally the more effective. The later work has shown that the 
relative effectiveness of the whole and part methods is a function 
of a number of conditions, and this section will analyze the problem 
and describe the major conditions on which results have been found 
to depend. 

The whole-part problem is continuous with that of the relations 
between length of material and time taken to learn, with the addi- 
tion of the recombination of the separately learned parts into a 
single unit. Can a whole of a given amount be more rapidly learned 
when practiced as a whole or in parts which are later combined? 
The problem may be analyzed into three parts or subproblems: 
(a) First of all is the question of the time required to learn the 
individual parts. Since larger amounts of material require dispro- 
portionally longer times than shorter ones, it is to be expected that 
the sum of the times required to learn the parts will be less than 
the time required to learn them when they are practiced as a whole. 
It follows, also, that the greater the number of parts and hence the 
smaller each one is, the greater will be the difference between the 
sum of the time for learning the parts and the total time for learning 
them as a whole. (b) When practiced separately, however, the parts 
must finally be combined, and here a new factor is introduced 
beyond the features of the time-length relation. The relative effec- 
tiveness of whole and part methods will be a function of the time 
taken to connect the parts into a whole. This time may be sufficient 
to overweigh the saving from having practiced the material in 
smaller amounts, or it may be small enough to leave a significant 


balance in favor of learning by parts. (c) There are other conditions 


involved in practicing a number of short sections of material in 
sequence which might influence the time-length relations of the 
17 Extensive bibliography on the problem, 


togeth ith i i 
eae 7 the papers, may be found in G, O, ie Geoch Tasit Eoo 
936a). i 
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individual parts. Unless the subject is at a practice level to begin 
with, practice at successive parts will be accompanied by positive 
transfer, and he will learn successive parts at a faster rate. As he 
proceeds through the sequence of the parts, however, there will also 
be some negative transfer by virtue of the interrelations of the 
material. This forgetting of earlier learned parts will decrease the 
advantage gained from working with smaller amounts of material 
and will leave a relatively greater opportunity for the whole method 
to prove more effective, unless the parts can be connected quickly 
enough to overweigh this decreased advantage. 

The results of the experiments on the problem have been far 
from uniform. Differences have been found in favor of the whole 
method, the pure part method, and the progressive part method, 
especially. While it is not yet possible to formulate the conditions 
which determine the result in a way to make accurate prediction 


possible, some of the important ones are known and will be 


described. 


CONDITIONS OF WHICH RESULTS WITH WHOLE 
AND PART METHODS ARE A FUNCTION 


The Characteristics of the Subjects 


Under many conditions the amount and direction of the differ- 
ences between the methods are a function of the intelligence of the 
subjects. The more intelligent the subject, the more likely is the 
difference to be on the side of the whole method and the larger is it 
likely to be (Pechstein, 1926; G. O. McGeoch, 1931a). There is 
evidence, also, that with increasing chronological age the whole 
method becomes relatively better than the part methods. Taken 
together, the data imply that the higher the level of mental develop- 
ment, the more likely is the whole method to be superior. 


Practice with the Methods 


experiments had found that practice yielded 


Several of the early 
whole method. For example, 


an increasing difference in favor of the 
subjects would find a part method superior at the beginning of prac- 
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tice but the whole method the more effective after practice. More 
recently, in a direct study of this condition, Wylie (1928) has shown 
that the advantage of the whole method increases with practice. 


Distribution of Practice 


Any of the methods under discussion may be used with massed 
practice or with any form of positive distribution. Pechstein (1917) 
has concluded that distribution favors the whole method of maze 
learning and massing of practice a part method, a conclusion which 
has been corroborated by Winch (1924) and Sawdon (1927) with 
verbal materials, and by Crafts (1930) with substitution. 


The Material Learned 


It has frequently been suggested that, as the meaningfulness and 
continuity of the material increases, the whole method should be- 
come increasingly more effective, because it permits the subject to 
grasp more readily the continuous pattern of the material. Con- 
versely, the more disparate the material, the more should the advan- 
tage shift to the part methods. Some experimental results fulfil this 
expectation, but others do not. The considerable number of experi- 
ments which have found faster learning of connected and unified 
material by the whole method fulfil it. One by Seagoe (1936b), for 
example, in which a whole was qualitatively defined, employed four 
designs of differing degrees of perceptual unity, each divided into 
parts which were to be assembled according to the pattern. The 
two more integrated designs were more quickly learned in terms of 
time, trials, and errors by the whole method, while to some extent 
the less integrated ones were more rapidly learned by a part method. 

That meaningfulness and continuity of material is not a crucial 
condition is demonstrated, however, by the fact that a part method 
is sometimes superior with poetry and other continuous material 
and the whole method is sometimes superior when serial connec- 
tions and continuity are minimal. On the latter point, Crafts (1929, 
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1930, 1932) has found the whole method to be more effective in 
learning card-sorting, substitution, and visually presented circles 
and figures. 

There is reason to believe, however, that meaning and unity are 
important conditions favoring the whole method, but that they may 
be outweighed by other conditions, when these are present in suffi- 
cient degree. Conversely, disparateness of materials and relative 
lack of meaning, which seem to favor the part methods, may be 
counterbalanced by other conditions which give advantage to the 


whole method. 


The Lengths of the Whole and the Parts Compared 


Other conditions being equal in effect, the facts of the time- 
length relation favor a part method of practice. Not only are other 
things seldom equal, however, but the relative sizes of the parts and 
the whole will make a difference in the advantage which accrues 
from the time-length relation. To illustrate this, let a list of 18 
syllables require 700 seconds to learn and let the three 6-syllable 
parts of an equivalent list require 100 seconds each or 300 seconds 
altogether. If the remaining 400 seconds are not consumed in con- 
necting the parts, the part method will be superior. But take another 
example in which the list is 54 items long and the parts 18 each. 
Assume that the time-length relation is such that the whole list 
requires 2200 seconds for mastery and each of the parts 700 seconds 
or a total of 2100 seconds. There is now a difference of 100 seconds, 
which may easily be taken up in connecting the parts, so that the 
two methods will show no difference. These hypothetical values 
illustrate the way in which the lengths of the parts and of the whole, 
the slope of the time-length function, and the positions of parts and 
whole on it may influence the outcome of an experiment. Compari- 
sons of whole and part methods by different experimenters which 
yield different results in spite of use of closely similar materials 
may do so because the wholes employed, the parts, or both, are 


of different size. 
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The Time Required To Connect the Parts 


The advantage which accrues to the part methods from the rela- 
tively greater ease of shorter than of longer materials is counter- 
balanced in direction by the fact that the parts, after having been 
learned individually, must then be connected. The proportion of the 
total learning time spent in connecting the parts will vary with con- 
ditions, but it is often large. Pechstein’s (1917) human subjects. 
working under distributed practice, made 80 per cent of their total 
errors while connecting the four parts which had been learned 
separately. In three different experiments by Cook, Morrison, and 
Stacey (1935), 28 per cent, 29 per cent, and 29 per cent of the errors 
were made during the combination of the parts, while in one experi- 
ment by Hanawalt (1933) animals in two different mazes required 
29 per cent and 42 per cent of the errors during combination of 
parts, in another roughly two-thirds of the total (1931), and in one 
with human subjects approximately two-thirds (1934). These data 
are for mazes, but although similar records are not available, it is 
probable that somewhat analogous difficulty is encountered in com- 
bining the parts of verbal material. 

In view of the fact that the parts have already been learned to a 
criterion, the additional practice required to combine them calls for 
explanation. The most serious attempt at this has been made by 
Pechstein in terms of place associations (1917), which mean the 
association of any aspect of the problem with some other aspect 
which is specific to that particular problem. In maze learning, dis- 
tance and specific turns may be associated with any other aspect 
of the pattern, especially with the goal, but the goal and the setting 
of many other connections change when a part becomes continuous 
with other parts to form the total maze. Likewise, in verbal material, 
especially by massed practice, the last item of a part may become 
associated with the first item of the same part, because in practice 
the subject has gone directly from the last item back to the first 
and started reading the material again. Such associations appear 
overtly in the behavior of the child who, when reciting a poem, goes 
from the end of a stanza to the beginning of that stanza or of one 
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earlier in the poem. Pechstein’s observations on both human and in- 
fra-human subjects support his explanation in terms of place asso- 
ciations. While combining parts, subjects would stop at what had 
been the goal and go back to the beginning. Certainly, in combining 
parts learned by the part method a large proportion of the subject's 
effort is spent in connecting the parts, and place association is one 
reasonable condition thereof. 

Why do place associations make difficult the combination of the 
parts? For one thing, they involve associative inhibition. When a 
subject has connected the end of Part 1 of an activity or material 
with going back to the beginning of that part, he will find it more 
difficult under many conditions to associate the end of that part 
with continuing on to the beginning of the next one. Likewise, when 
the subject shifts from practice by parts to practice of the whole, 
the relation of the individual responses to the goal is changed in all 
except the last part, the subject’s set may be altered, and confusion 


may result. 

Whatever the conditions which bring about the difficulty of con- 
necting the parts, they are not impossible to overcome. The pure 
part method, progressive part method, and other modifications have 
sometimes yielded faster learning than the whole method. Place 
associations and the other conditions producing difficulty of part- 
connection doubtless vary in amount and influence. They have 
probably been less effective in the experiments which have shown a 
superiority for a part method than in those which have found the 
whole method better. 


Positive and Negative Transfer 


At the beginning of the discussion of whole and part methods 
mention was made of the fact that positive transfer or practice 
effects could occur from part to part, and that negative transfer or 
interference could occur from later parts to the recall of earlier ones 
at the time of combination.’ Experimenters have observed the 


18 Pechstein (1917) concluded that in maze learning by the part methods 
positive transfer will operate to facilitate much more than it will by the whole 
method, but Barton (1921) found as much transfer by whole practice as by 
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presence of transfer, and it is almost certainly an important condi- 
tion of results on the whole-part problem. From our knowledge of 
both positive and negative transfer as a function of the relations 
between materials it is to be expected that the influence of the 
character of the material used and of transfer need to be considered 
together. Insufficient quantitative data are available upon transfer 
in the setting of the present problem to permit a generalization.'” 


A Practical Summary 


The whole-part problem is not one upon which an easy general- 
ization can be made. One of its chief values, in the present state of 
knowledge, is the way in which it illustrates the complexities result- 
ing when one set of phenomena, the time-length relations of separ- 
ate parts, is combined with another, the time-length relations of 
those parts combined into a whole. 

The part methods have the advantage that they subdivide the 
material into small and relatively easier units, with all that this 
implies. The whole method has the advantage that it obviates the 
time lost in connecting previously learned individual parts, gives 
the subject a greater opportunity to grasp the interrelations of the 
material, and distributes the responses to any given item. Especially 
if the subject is relatively mature and practiced with the whole 


part, while Hanawalt (1931, 1934) failed to find positive transfer between 
parts. Transfer may also change from positive to negative, or the reverse, 
during practice (Beeby, 1930). 

19 Many other conditions have been suggested by the experiments on the 
whole-part problem, but they have not been mentioned in the text because 
their influence is too little studied to enable us to state the extent of their 
generality. Some of them are: (a) the units in which learning is measured; 
(b) the optimal size of group with which each subject can work; (c) the 
degree of familiarity and difficulty of the learning task; (d) the motivation of 
the subject and his amount set; and (e) the spec mode of division into 
parts. On this last point something further should be said. The usual experi- 
ment breaks an act or material into spatiotemporal parts which are to be 
learned separately and then combined sequentially. An experiment by Koch 
(1923) has dealt with unit responses which may be learned by either hand 
separately or by both hands together. The division here is in’ terms of the 
motor organs involved. The part method gave the faster learning. R. W. 
Brown (1933) has reported that the “hands-together” (whole) method of 
learning to play piano scores gave faster learning than the “hands-separate” 
(part) method, but the result may have been a function of prior practice. 
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method, it is likely to be the more effective. But in view of the 
number of conditions which determine the results and of the extent 
to which results are susceptible to these conditions, the chances are 
high that a subject may use whichever method he has practiced 
and prefers without fear that he is employing an extremely in- 
efficient one. Practically, one might well follow Woodworth’s (1938) 
mploy the whole method with special attention to 
difficult or important parts as one goes along, 
part method. 


suggestion and e 
and repetition of 
thus combining the whole method with a form of the 


RECALL DURING PRACTICE 


There are wide variations in the extent to which a subject depends 
on the direct stimulus pattern of the material being practiced. As- 
sume that he is memorizing a list of words. At the extreme of 
complete dependence on the stimulus pattern he repeats each word 
as he perceives it, but does not attempt to anticipate any word or 
to recall a word before it is actually presented. At the opposite 
extreme, beginning with the second presentation he attempts to 
ill as much as possible of the material without having it pre- 


reca 
ceptors. Between the extremes lie innumerable com- 


sented to his re 
binations of presentation and independent recall. 

The usual experimental procedure has been to present the material 
for a given time or number of presentations, and then to instruct 
the subject to recall as much of it as possible without the copy, 
prompting himself from the copy when recall fails. The conclusion 
aterials has been that some degree of recall (or recita- 
a more effective condition 
few experiments which 
obtained a similar 


for verbal m 
tion) with prompting during practice is 
of learning than is presentation alone. The 
have studied recall without prompting have 


result. 


Conditions of Which the Influence of 
Recall Is a Function 
(1) Relative amount of time spent in recall. An experiment by 
Gates (1917), which has yielded results decisively in favor of reci- 
tation with prompting as a facilitating condition of learning, used 
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lists of nonsense syllables and short biographies. Under the presen- 
tation condition, school children spent the entire practice time in 
reading, while under the recall conditions the last 20, 40, 60, or 80 
per cent of the practice time was spent in recitation plus prompting. 
The subjects were instructed not to attempt to recall during the 
portions of the time devoted to reading alone. 

The results in terms of immediate recall of nonsense syllables 
(Table XXXIII) show for each grade a uniform increase in amount 
learned as the relative amount of time spent in recall increases from 


Taste XXXIII 
Mean Scores (IMMEDIATE RECALL) IN LEARNING NONSENSE 
SYLLABLES WHEN VARYING PERCENTAGES OF THE ‘TIME 
Are SPENT IN RECITATION * 


(From Gates, Arch. Psychol., N. Y.. 1917, 6, p. 36) 


Percentages of Time Spent in Reading CP) 
and in Recitation (R) 
Subjects Proo-Ro P8o-Rzo P6o-R4o P4o-R6o P20-R80 


Grade 8 M 16.92 23.86 25.79 27.28 35.51 


BE, 0.61 0.69 0.65 0.66 0.86 
Grade 6 M 13.21 20.18 22.64 25.15 30.52 
PE. 0.61 0.84 0.60 0.91 1.07 
Grade 4 M 9-45 12.00 16.10 16.95 20.05 
P.E. 0.57 0.46 0.56 0.75 0.79 


* Each grade contained from 40 to 45 pupils. Grade § was given 15 syllables, 
Grade 6, 15, and Grade 4, 14. The total practice time was 9 minutes. ` 
zero to 80 per cent. When 80 per cent of the time is spent in recita- 
tion, the scores are more than twice as large as those when all of the 
time is devoted to reading alone.?” Recitation, though still superior to 
reading alone, is less effective with short biographies than with syl- 
lables, but it is important that recitation for as much as 90 per cent 
of the time yields higher scores than reading alone. 

(2) Temporal point of introduction. Varying numbers of read- 


2° Forlano (1936) has employed Gates’ major conditions under schoolroom 
conditions with results which demonstrate with spelling, nonsense syllables 
and hard English vocabulary a greater effectiveness with increases in the 
proportion of the total time spent in recall are more irregular than those of 
Gates. 
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ings mav be permitted before recitation begins. especially when 
practice continues until a criterion is reached. Skaggs and Grossman 
(1930) have compared the introduction of recall plus prompting 
after 1. 3. 5. and 7 initial presentations of lists of S nonsense syllables 


learned by a modified anticipation method, The number of trials 
with prompting required to complete the learning to one perfect 
repetition decreases as the number of initial presentations increases, 
but if we add together the presentations and the prompted trials, 
learning is most rapid when only one presentation is given before 
Learning is most rapid in terms of time when 


prompting begins. 
ation begins. Results on 


three initial readings are given before recit 
the problem agree that early introduction of recall with prompting 
is optimal. 


Introduction of a single recall without prompting increases the 


20 pairs of monosyllabic nouns regardless 

I J £ 

of the point of interpolation, but interpolation relatively late in 

practice is more effective than interpolation relatively early (L. O. 

Krueger, 1930; W. C. F. Krueger, 1930). An alternation of readings 
o o o 

effective than other group- 


learning score on lists of 


and recalls without prompting is more 
ings when the measure is immediate recall (Skaggs, 1920). 

When recitations in the form of multiple choice tests on the 
material learned are introduced at some time after formal practice 
has ceased, their effectiveness decreases with the time between the 
(Spitzer, 1939; Sones and Stroud, 1940). This 
longer the interval, the more will the 
re be to refresh by the 


criterion and the test 
is to be expected, since the 
subject have forgotten and the less will the 
recall. 

(3) The material learned. The influence of recit: 
found to be greater with disparate and less meaningful materials 
than with connected and more meaningful ones. This is partly ac- 
counted for by the diffculty of maintaining clear experimental dif- 
ferentiation between reading and recitation when the material is 
meaningful and connected. The subject tends to think back over 
such material and to organize it as he goes. To this should be added 
the fact that less meaningful, disparate material is less readily as- 
similated to the subjects associative organization and would be 


ation has been 
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expected to profit relatively more from any condition which aids 
organization. 

The method of recall with verbal materials is similar to symbolic 
or “imaginary” practice of activities which involve more motor 
manipulation. Symbolic practice of such activities is effective, but 
often less so than direct practice (Perry, 1939).*? 


Why Is Recall During Practice Effective? 


It is probable that the experiments have seldom compared “pure” 
reading or presentation with recitation. Instead, the readings may 
have involved some recitation, so that the comparisons have been 
between small amounts of recitation and larger ones. The reports 
of the subjects and observation of their behavior permit a statement 
of some of the basic variables underlying the effectiveness of the 
relatively larger amount of recall during practice. 

(1) Recitation furnishes the subject with progressive knowledge 
of results. This information (a) acts as an incentive condition, (b) 
brings the law of effect directly to bear, (c) favors early elimination 
of wrong responses, and (d) by informing the subject which items 
have been learned, promotes a more effective distribution of effort 
over the material. 

(2) Recitation favors articulation of the items and leads to the 
utilization of accent and rhythm. (3) It likewise promotes group- 
ing of the items, localization in the series, and the search for mean- 
ingful connections. (4) In recitation, the subject is practicing the 
material more nearly in the way in which it is to be tested and 
used—that is, without direct stimulation from the copy. It consti- 
tutes, therefore, a more immediately relevant form of practice. 

27 a a sctiveness vcitati arie ri a tgs 
ask on od ea ie Geta 1 Pete ie he ce 
with very young children than with older ones. The young subjects es o 


much time trying to recall items not yet fixated and are less able to take advan- 
tage of the method. 
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XII 


INDIVIDUAL DIFFERENCES AND LEARNING 


INTRODUCTION 


VARIABLES such as the interval between practice trials or the length 
of the material learned may be controlled and manipulated inde- 
pendently of the subject, while the variables of age, sex, and intel- 
ligence are direct characteristics of the learner. When we ask how 
rate of learning varies with the number of years one has lived, with 
one’s level of mental development, or with one’s sex, we are 
asking whether and to what extent learning is a function of these 
characteristics. Their biological and social importance gives the 
answer special significance. The differences obtained are individual 
differences and appear when interval between trials, amount of 
material, and similar conditions are constant. 


CHRONOLOGICAL AGE 


As the inescapable individual variable of chronological age in- 
creases from infancy to old age, how does rate of learning change? 
Early in the history of research on learning this question was asked 
about a more restricted age range, and work was confined largely 
to the ages 6 or 8 to 18 or 20. Not only were they regarded as the 
important years for learning in school, but subjects within this 
range of ages were readily obtainable. Investigation over the years 
from birth to 6 or 8 and from 18 or 20 to senescence has reached 
important proportions only recently, when the learning of infants 
and young children has begun to be studied as part of experimental 
child psychology ' and when interest in adult education, in certain 
problems of industrial personnel, and in the social effectiveness of 


1 The extent to which learning pervades child behavior is recognized in 
Buford Johnson’s statement (1932) that “child psychology is primarily a study 
of learning.” j 
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difficult to obtain. The major experiments on the relations between 
age and learning have been performed by the method of successive 
cross-sectional sampling. 


The Period from Birth to Early Maturity 
Learning during Infancy 


Studies of infants have demonstrated, and close observers have 
long known, that changes in performance which seem to satisfy any 
useful definition of learning begin to appear at, or very soon after, 
birth. There have also been some more or less reasonable specula- 
tions concerning intra-uterine learning, and there is some evidence 
of fetal conditioning. Reflexes and simple sensori-motor forms of 
behavior show, during the first few hours of extra-uterine life, 
changes which resemble closely those of the quantitative learning 
curves, although the relative contributions of practice and matura- 
tion are difficult to isolate. Simple movements and emotional 
responses may be conditioned early; the learning of simple social 
responses soon appears; and with the beginning of walking and 
talking a bewildering complexity of learned responses, including 
simple concept formation, presents itself. There is evidence also 
that conditioned responses are established with increasing rapidity 
as age increases up to CA 6° 

The data leave little room for doubt that learning occurs from the 
hour of birth onward, but they do not permit systematic comparisons 
of the rates of learning of children of different ages. The data upon 
what young children can and do learn are not the important ones 
here, but, rather, the results which yield comparisons at different 
ages over relatively wide bands of ages. The majority of such data 
are for the ages beyond CA 6. If we are to make direct comparisons 

2 Hollingworth’s (1928) article presents some interesting possibilities con- 
cerning intra-uterine learning. The papers by Ray (1932) and Spelt (1948) 
report studies of fetal conditioning. Those by Mateer (1918), D. P. Marquis 
(1931, 1941), Wenger (1936), and Kantrow (1937) contain illustrative work 
on learning by young infants. A survey of the literature up to 1933 will be 
found in the chapter by Peterson, entitled “Learning in Children,” in Murchi- 


son’s Handbook (1933). References to some of the research on concept forma- 
tion by young children are given by Welch (1940) and in the papers he cites. 
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1 rates of learning at different ages, the subjects at each age 
S ractice ` Ss ri i 
uld practice the same material under the same conditions. This 
requirement cannot be met readily during the period of infancy 
youth, After CA 6 to 8. however, samples from each 


and verv early 
diate reproduction 


age may he tested on memory span or an imme 
sd for a constant time, may practice verbal materials 


of a poem studic 
given rational 


or perceptual-motor acts to a criterion, or may be 
problems to solve. and direct comparisons may legitimately be 
made. The results will be presented under the head of the classes 


of materials learned. 

Lack of systematic information concernir 
period of infancy and carly childhood should not, however, obscure 
the importance of the fact that this learning can and does occur. 
The fact that the human organism is capable of learning before 


bir : f : $ 
irth (but probably learns little in utero under ordinary circum- 
adapting himself to his environ- 


immediately following his 
ance. It is highly probable 
uired through learning 


ag learning during the 


stances) and that he shows signs of 
ment through learning during the days 
birth, is of enormous psychological signific 
that many basic personality patterns are acq 
during the first few years of life. Certainly, an 
Instrumental acts are acquired during this period. 


sc F 5 
chool, of course, has placed especial emphasis upo 
that relevant experimental data do not 


exist in greater quantity. On the other hand, the significance of early 
learning may have been overemphasized in some cases. For example, 
it would be unwise at our present state of knowledge to interpret the 
demonstration of fetal conditioning as evidence which strongly sup- 
ports the theories of Rank (1929) to the effect that personality is, 
to a considerable extent, determined by one’s memory of being born. 


enormous number of 
The psychoanalytic 
n this important 


DOI ¢ ra 
Point, and it is unfortunate 
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perf ormance at different 
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he number of papers on mem 
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roduction called for in memory 
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They s 
iey show that the immediate rep 


520 THE PSYCHOLOGY OF HUMAN LEARNING 


span performance increases slowly, but certainly, from an early age 
to the ages 10 to 12 and somewhat more slowly from that region 
to CA 18 or slightly beyond. The form of the age-learning relation 
over the total range is best represented by a decelerated curve. 
Memory span performance has been measured as early as CA 2, 
from which point onward increments with age appear. At CA 5 the 
reported digit spans are in the vicinity of 4, increasing to 7 or 8 
by adulthood. The amount of the increase from year to year is 
small, but the upward trend is unmistakable.* 

Analogous results appear when the amount of disparate material 
presented is beyond the subject’s span and when measurement is in 
terms of whatever fraction of this amount he can recall. The materials 
and conditions have been diverse, but again an upward trend is 
clear. It occurs with lists of words of different classes and meanings 
(Netschajeff, 1900; Pyle, 1913, 1928), with geometrical forms and 
nonsense syllables (Mulhall, 1917; Achilles, 1920; Stroud and Maul, 
1933), with perceptual materials both meaningful and meaningless 
(Pilek, 1932), and with many others, and extends over the range 
from about CA 8 to CA 16 to 18. 

Connected materials, such as poetry and prose, whether learned 
verbatim or for the component ideas, are more nearly like the 
materials which people learn in everyday life or in school, and 
here the results are at least as convincing as are those with disparate 
materials. In an experiment by Stroud and Maul (1933) the mean 
number of lines of poetry immediately recalled after 15 minutes of 
study increases steadily with CA from a mean age of 7.7 to one 
of 18.1 (Table XXXIV). Comparisons of means of widely separated 
age groups show reliable differences, although the differences be- 
tween successive age groups are not statistically reliable. 

Similar increments with age appear when the ideational content 
of prose, studied for a constant time by all subjects, is recalled 

* Illustrative evidence on the relation of CA and memory span will be found 
in the early work of Jacobs (1887), in the work of Humpstone (1917) and 
Starr (1923) with relatively extensive age ranges, in a study by Gundlach, 
Rothschild, and Young (1927) of a phenomenon that they call set, but that 
is also related to span performance, in Hallowell’s (1928) study of the age 


range 1:8 to 3:11, and in Hurlock and Newmark’s (1931) measurements of 
the spans of preschool children. 
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cither freely or in answer to specific questions. Pyle’s (1915) data 
upon immediate reproduction of ideas in a meaningful paragraph 
show a uniform increase from CA 8 to CA 13 for males and CA 15 
for females. An inversion occurs after these ages, but at adulthood 
the mean is higher for each sex than at any preceding age. The 
departure from the trend of the curve after the ages mentioned is 
probably a function of sampling errors and does not signify a rep- 
resentative decrement in performance. The years beyond about CA 
14 are difficult ones at which to obtain a representative sampling of 
subjects. 
Taste XXXIV 
IMMEDIATE RECALLS OF POETRY AND NONSENSE SYLLABLES 
As A FUNCTION OF AGE 


(From Stroud and Maul, J. genet. Psychol., 1933; 42+ P- 244) 


Lines of Number of 

Average Average Poetry Recalle Syllables Recalled 

CA 19 M P.E. M PE 
7-7 115 9:71 54 4-7 +19 
8.5 115 11.16 .43 5.12 zn 
9-4 115 13-15 .47 5.82 .23 
10.4 111 16.02 .56 6.43 .24 
11.7 103 17-55 65 6.74 24 
14.4 109 21.31 89 7.39 130 

18.1 114 22.14 65 8.71 239 


— 
p i 


Pyle (1925a) has also tested amount learned by asking a series 
of prepared questions on the prose read. The subjects were under 
instruction to learn the ideas expressed, not the specific words, and 
different sets of material were employed, each one adapted to a 
different band of ages. When the records for all materials are con- 
verted into a single set of scores, the curves of Figure 56, which are 
representative of the general trend of recall with age, are obtained. 
The records for the two sexes, which do not differ greatly from each 
other, combine to give nearly a straight line. The failure of decelera- 
tion to appear in the combined curve may be a function either 


of the conditions of the experiment oF of Pyle’s method of com- 
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9 10 Il 12 13 14 15 16 17 
AGE 


Fic. 56. RELATIONS BETWEEN CHRONOLOGICAL AGE AND SCORES IN IDEATIONAL 
LEARNING 
(From Pyle, Nature and development of learning capacity, p. 79) 
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bining scores from different sets of material. However this may be, 
there is no doubt of the increasing recall with increasing age. f 

A somewhat different approach to the problem is afforded by 
Aussage method. Here the subject is presented 
al field. with or without instruction to study 
d to observe it for a relatively brief 


work employing the 
with a complex perceptu 
it for reproduction. is allowe 
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series of specific qu 
been cards containing a number of obje 
dramatic events. Again, immediate recall increases with increasing 
age (MceGeoch, 1928a). 
Studies of the number 
have been less numerous than t 
Results such as those of Goldscheider 
ported by a number of more incidental observ 
of alternating presentations and tests is far from optimal because, 
among other difficulties, it gives an advantage to subjects with rela- 
tively higher initial performance, but we may accept the general 
tendencies of the obtained relations. The number of trials required 
to learn six syllables decreases steadily from 12.6 at CA 9 to 3.5 at 
CA 13, while over the same band of ages the trials to learn six words 
5 to 2.4, and the trials to learn six num- 
ss of the number of items used to 
ects probably accounts for 
ases with age in 


of trials required to learn to a criterion 
he studies of immediate memory. 
(1932). however, are sup- 
ations. His method 


decrease irregularly from 5. 
bers from 3.4 to 1.4. The closene 
y of the subj 


the memory span of man 
e irregular incre 
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the relatively smaller and mor 
learning words and numbers. 


PERCEPTU AL-MOTOR ACTIVITIES 


rates of learning of a considerable 


crease with chronological age. 
ate students required 


It has been established that the 
number of perceptual-motor acts in 
Hicks and Carr (1912) found that adult gradu 
raversed a smaller 


distance in learning a maze through which they actually walked 


fewer errors and less time and t amount of excess 
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blindfolded than did children of CA 8 to 13. This conclusion has 
been corroborated by Gould and Perrin (1916) with a complex 
stylus maze in which children made more errors and traveled more 
aKCESS distance than adults, and by McGinnis (1929) with a slot 
maze practiced for 50 trials by children aged 3, 4, and 5. The time 
taken on the first five trials decreases as age increases, and this rela- 
tion obtains at each block of five throughout the experiment. The 
same is true for errors, save for certain minor exceptions. 
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Fic. 57. RELATIONS BETWEEN AGE AND SCORE IN CARD-SORTING 


(From Pyle, Nature and development of learning capacity, data on p- 16) 


Pyle (1925a) has gathered a large amount of data upon the per- 
formance of different age groups in card-sorting, simple and com- 
plex marble-sorting, digit-symbol substitution, and mirror-drawing. 
The curves for card-sorting and substitution given in Figures 57 
and 58 have a clear upward trend with increasing CA. The decrease 
in the performance of the boys from CA 17 to 18 is almost certainly 


a function of sampling error. The curves for the other activities 
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which Pyle studied reveal similar relations between CA and per- 
formance. Those for simple marble-sorting and mirror-drawing fail 


to show any marked deceleration i 7 
show any marked deceleration in the later years of adolescence. 


SCORE 


17 18 


8 9 0 H i2 13 14 15 I6 


CHRONOLOGICAL AGE 
AND SCORE IN SuBSTITUTION 


Fic. 58. RELATIONS BETWEEN AGE 
(From Pyle, Nature and development of learning capacity, data on p. 45) 


accounted for by the particular conditions of 
quire discussion here. Positive rela- 
arning have been reported for 


This may be largely 
the experiment, which do not re 
tions between CA and records of le 
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piano lessons (Brown, 1936), for operating a pursuitmeter 
(Langhorne, 1933), and for a considerable number of other per- 
ceptual-motor activities. 

One must concludes that practice effects on a wide range of 
perceptual-motor acts increase with age from about CA 8 to the 
years of late adolescence or early maturity. The measures of prac- 
tice effect have usually been composites of initial performance and 
gain from specific practice. Only the latter is strictly a measure of 
rate of learning, since initial status is probably more heavily 
weighted by transfer from prior learning, done at unknown rates, 
to the first or early trials of the activity of the experiment. It is often 
a question, therefore, whether to call the results measures of rate 
of learning or of transfer plus rate of learning, and usually the latter 
is the more accurate. 


LEARNING WHICH INVOLVES GRASPING OF RELATIONS 


Studies of relations between CA and the solution of relational 
problems have been less extensive than those of the relations be- 
tween CA and learning of verbal materials or of perceptual activities, 
but their implications have been the same. Heidbreder (1928), for 
example, investigated the solution of simple problems of the mul- 
tiple-choice type by children aged 3, 4, and 6 to 10, and by 
university students, presenting each subject with the problem of 
discovering the principle which would permit an errorless choice 
among the alternatives presented. The data afford a picture of in- 
creasing rate of problem-solving with increasing age. A number of 
other investigators have reported an increase with age in ideational 
problem-solving and in the learning of abstract concepts. 


COEFFICIENTS OF CORRELATION BETWEEN AGE AND RATE OF LEARNING 


If coefficients of correlation had been computed between age 
and the data from which the preceding conclusions were drawn, 
they would have shown a positive relation. Many investigators have 
not computed them, and unless one desires to know the mutual 
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interrelations of the two variables it is not necessary to do so 
The more usual curves, which are regression lines of learning upon 
age, satisfy our major interest with respect to the problem, since we 
are concerned with knowing how learning varies with age, not how 
age varies with learning. The picture yielded by the coefficients is 
interesting, however. and a few characteristic samples from young 
subjects may be mentioned. l > 

Tavlor (1931) reports a correlation of 0.84 between age and 
immediate memory in 30 nursery-school children, Emerson (1981) 
and score in immediate memory for the 
n rings on an easel, and Foster (1928) 
arning of eight 


one of 0.77 between age 
spatial placement of woode 
one of 0.74 between age and total score on the le 
stories. The correlations obtained by Knotts and Miles (1929) with 
normal subjects between CA and learning records on a finger maze 
vary between —0.30 and —0.58, depending on the 


and a stylus maze 
a negative coefficient 


score, the coefficients being computed so that 
Means a positive relation between age and score on the maze. 

en CA and measures of learning present 
as do the curves. At the lower end of the 
relatively high; toward the middle of 
they are low, but still posi- 
low or inverse. These 


The correlations betwe 
the same general picture 
age range the coefficients are 
the range from birth to early maturity 


tive; while by early maturity they become 
would expect from sections of a 


relations are roughly what one 
are inevitably func- 


Negatively accelerated age-learning curve. They 
tions of the length of the band of 
narrowness of the bands commonly used in correlational studies 


and of the other conditions known to be present and to attenuate 
many of the coefficient obtained may be 


ages sampled and, in view of the 


coefficients of correlation, 


regarded as high. 


The Period from Early Maturity to Old Age 

Any division of the life span into periods is arbitrary and in danger 
of blurring the fundamental continuity of phenomena in the living 
s made here between studies of the ages 


Organism, A distinction i 
from birth to early maturity and those of the years beyond only 
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because the experimental work most readily classifies itself that way. 
It should be remembered that results from the two age intervals are 
to be regarded as continuous. 

The most comprehensive study of learning during the years from 
early to late maturity was published by Thorndike in 1928. As an 
introduction to reports of his own experiments, he reviewed a 
large number of the available comparisons of youthful and adult 
learning. Most of the data were incidental and meager, and there 
is no need to deal with them here beyond a quotation of Thorn- 
dike’s conclusions from them. He wrote: 


“(1) The differences in rate of learning between old and young are 
small in comparison with the differences within either group. (2) When 
other factors than age are equalized or ‘partialed out,’ the influence ap- 
proaches zero. (3) If each author is given equal weight, we have an equal 
division among reports of superiority, inferiority, and equality to the 
adult learner. If we attach, as we should, more weight to the experiments 
which report learning during a long period or for many individuals, we 
get about the same balance. On the whole, if we did have to estimate on 


the basis of this chapter's reports, we should estimate adult ability to learn 
as very close to that of the late teens.” 


So much for the early and unsystematie work prior to 1928. The 
more recent and more systematic work has been done or directed by 
a few psychologists whose work has been extensive. 


AGE AND IMMEDIATE RECALL 


Research on the rates of learning of individuals during the years 
of later maturity faces the difficulty of obtaining adequate samples 
at these ages. Fortunately, H. E. Jones (1928) was able to obtain 
a sampling of 618 subjects which could be shown to be representa- 
tive of the population of Vermont and, more notable still, included 
as good a selection at the higher age levels as at the lower, His 
data on the immediate recall of the content of moving pictures cover 
the age range from 10 to 60, recall being in response to completion 
and multiple choice tests. The tests have a relatively high reliability 


(r = 0.89 to 0.95) and, although the number of cases at each age 
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is not large. the results are probably a good approximation to those 
from a much larger sampling. Three separate films were used aad 
different subjects. for the most part. observed and recalled each 
three so clearly have the same general form 
nted, It has been drawn from 


raw scores (Fig. 59). 
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This curve shows 
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reached at CA 23.5, from which point onward the curve falls. From 
CA 17 to CA 42, however, the largest difference between the scores 
small. Across a band of twenty-five years, 
asured by immediate recall of a motion 
The decrease from CA 42 onward is 


r any two ages is very 
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regular and somewhat larger, although the performance of the oldest 
group used (mean CA 55.6) is still equal to that of subjects slightly 
past CA 12. The total curve thus rises to a peak in the early twen- 
ties, falls slowly and by amounts that are practically inconsequential 
from then until the early forties, and more rapidly from the early 
forties to the middle fifties, at which point it has reached a level 
roughly equivalent to the score of twelve- -year-olds. 

The subjects in Jones's study were not told that they were to be 
examined upon the contents of the pictures and, in one sense, there- 
fore, his was a study of incidental learning or of learning without 
specific intent to learn, In an investigation by Willoughby (1929, 
1930) the learning was also incidental. The subjects were asked 
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Fic. 60. A Curve Snowing tHe RELATION BETWEEN RECALL or Dicit- 
SYMBOL ASSOCIATES AND C HRONOLOGICAL AGE 


(From Willoughby, J. educ. Psychol., 1929, 20, p. 678) 


to recall the symbols in a digit-symbol substitution test at which 
they had been working for 2.5 minutes with the key before them, 
but without instruction to connect symbol with digit for the 


purposes 
of an independent recall. Willoughby employe 


d 300 subjects dis- 
tributed in class intervals of CA of two years cach and ranging 


6 years to 68+. The number of cases in each interval ri ged between 


80 (in the 12.0 to 13.11 year group) to 1 (in the 68 + group). When 
recall of the symbols is plotted against age, the resulting curve 


from 


(Fig. 
ate teens andl a decrease 
taken to mean what the 


d on material which they 
had not been specifically instructed to learn tor the 


60) has a shar p initial rise to a peak in the ] 
from that point onward. This curve must be t 
subjects actually did when they were teste 


purposes of 
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such a test; it does not directly show what they could do under 
specific motivation. It should also be noted that ‘the older subjects 
had less practice than did the younger ones in terms of the number 
of correct substitutions. This is shown in Figure 61, which shows 
the score in digit-symbol substitution as a function of age. It will 
be seen that this curve closely parallels the one shown in Figure 60. 
hus, it may be that Willoughby’s data on recall demonstras only 


that less practice vields a s : f i 
at less practice yields a smaller amount of learning. On the other 
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hand, both amount of practice and amount of recall may be inde- 


Pendent functions of CA. From Willoughby’s results, no specific 
Conclusions about the recall of incidentally learned material as a 


function of CA may be drawn. 
PERCEPTUAL-MOTOR ACTIVITIES AND OTHERS 


in substitution (Fig. 61) closely 
symbols. It rises sharply to a mode 
In one of 


The curve of performance 
resembles that for recall of the 
in the vicinity of CA 22 and falls away toward old age. 
Thorndike’s (1928) experiments with substitution, 277 graduate stu- 
dents in Education worked for eight 3-minute periods transcribing 
disconnected words in terms of a code alphabet in which each 
letter of the alphabet stood for some other letter. The subjects were 
then asked, as in Willoughby’s experiment, to recall the code which 
they had not been specifically told to learn. Whatever measure one 
Considers, performance is seen to decrease with increasing age 
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(Table XXXV). Thorndike considers the average gains to give the 
best indication of the effect of the specific practice. 

Taste XXXV 


Scores Mape 1x Copr SUBSTITUTION BY SUBJECTS 
OF DIFFERENT AGES 


(From Thorndike, Adult learning, p. 86) 


Age Group 

20-24 25-34 35+ 
Number of cases 2 139 104 
Average age 23 29 41 
Score, first 3’ period 59.8 56.0 47:3 
Score, last 3’ period 87.8 83.9 70.1 
Average gain 28.0+1.2 27.90.7 22.8-r0.7 * 
Average no. recalled 10.42£0.7 8.30.3 6.30.3 


* The measures of variability are P.E.’s of the averages. 
y 8! 


The extensive studies of later maturity by Miles (1933a, b; 1935) 
have included several measures of rate of learning over a wide 
range of CA. As an example, the average scores in alphabet-alphabet 
substitution for 5 minutes are at a high level over the class intervals 
CA 18-29 and 30449 and fall off markedly in the next two class 
intervals, which cover the period from 50 to 89 (Table XXXVI)." 


Taste XXXVI 
Scores IN SUBSTITUTION BY DIFFERENT ACE Grours 
(From Miles, Person J., 1933, 11, P. 353) 


Age Group 
10-17 18-29 30-49 50-69 70-89 
Number of cases 31 49 79 1m 54 
Substitution score 6o 76 80 51 37 


The experiments by Thorndike which have already been men- 


tioned comprise only a small part of those reported in Adult learning. 


4 Miles interprets this form of substitution to 
memory. Certainly substitution tests involve immediate recall; and where the 
subject must write the substituted symbol in the appropriate place they are at 
least partially perceptual-motor. The question of classification is minor; the 
important thing is the change in rate of learning with changing age. j 


be a measure of immediate 
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Those not described range from experiments on what he terms 
“sheer modifiability.” such as learning to draw lines of a specified 
length while blindfolded, to experiments on the learning of school 
subjects. The character of the activities studied and the direction 
of the results are summarized in Table XXXVII. The decline with 
increasing age varies with the activity learned. 
Taste XXXVII 
SUMMARY ‘TABLE SHOWING RELATIONS BETWEEN GAINS 
FROM PRACTICE AND AGE 
(From ‘Thorndike. Adult learning, p. 103) 
y= case group, including students at the Carolina College for 
omen 


P = prisoners 
H = evening high school students 


S = students in secretarial schools 
Gain in Score Per Cent 
a O Which 
350r Ols 
Group Ability 20-2 over of Y 
ie es ea Ae 
U Drawing lines 64 
Wrong-hand writing 57 I 41 72 
Substitution (transcribing words) 28.0 27.9 22.8 81 
Learning code 10.4 a 6.3 61 
Esperanto 31.5 26.3 24-7 79 
Learning numbers to fit nonsense 
syllables 21.9 18.2 14.0 64 
University studies ? over 100 
P Substitution (1, 2, 3, ete for 
a; bj. Gete) 9.0 2 94 104 
Elementary school studies 100 100 88 88 
Addition practice 5.0 46 48 96 
H Algebra, Civics, English, etc. 87 for 3c 
or over 
S Typewriting kd 
Learning stenographic symbols 


k Approximately 95 for 30 or over. 
Approximately 100 for 30 Or Ovet. 
arning of Esperanto by indıvıd- 


Thorndike’s experiments on the le 
with particular emphasis 


to later maturity, 
o measuring rate of learning involving 


vantage of being a systematic body of 


uals varying in age from 8 
On ages 20 to 57, come closest t 
eE. 

elations, Esperanto has the ad 
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knowledge the fundamentals of which can be learned in a relatively 
short time. In the chief experiment the subjects spent 10 hours in 
class and 10 hours in individual study, amount learned being 
measured by the gains in score upon a series of four tests given 
before and after practice. The evidence leads him to conclude that 
the curve of performance in learning this systematic language by 
individuals who attend school through college rises fram CA 8 to 
CA 16 and probably to CA 20 or beyond, parallels the abscissa 
from the age at which peak performance is reached to CA 25 or 
later, and then declines very slowly to CA 35 and only slightly more 
rapidly from there to CA 45 or later. 


Qualitative Relations between Learning and Age 


The greater part of the work on age-learning relations has been 
concerned with quantitative measurements, but qualitative changes 
with age which cast some light upon the quantitative changes have 
been observed. There is, it is generally agreed, an increase during 
the early years of life, in the perceived meaningfulness of verbal 
materials and in the attempt to learn meanings rather than words 
alone. This may be regarded as an indication of increasing positive 
transfer of training. 

In their pioneer comparison of human reactions in a maze, Hicks 
and Carr (1912) observed that the children started out with con- 
fidence and ran rapidly, whereas the adults began “with some 
dignity and circumspection.” Partly as a result of the frequent errors 
attendant on their mode of attack, the children took more time to 
learn. Gould and Perrin (1916) report that adults seem to frame 
more theories to guide their movements in a maze and to show a 
more systematic mode of attack. These factors and the greater 
habituation of the adults to routine work are thought to have been 
influential in determining their faster learning. 

The qualitative changes with age in learning materials which 
involve relations are even more pronounced. With increasing age 
the giving of inadequate reasons for choices in a multiple-choice 
experiment diminishes, and reasons which take account of objective 
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relations, of past successes and failures, and of other more relevant 
features appear and become dominant (Heidbreder, 1928). The 
data from which this conclusion emerges provide a significant pic- 
ture of a correlation between age and response to relational 
problems. An increasing responsiveness to problems, a positive cor- 
relation between CA and manipulation, and a negative correlation 
between CA and failure to respond have been noted by Matheson 
(1931) in preschool children confronted with problems like those 
used by Kohler (1925) with apes. Much earlier Lindley (1897), in 
the course of a study of the solution of puzzles by children of dif- 
ferent ages and by adults, had observed in young children “the lack 
of circumspection,” “the automatic repetitions of former move- 
ments,” and the slowness to profit by their errors, which later 
observers have confirmed in different problem situations. With in- 
creasing CA these characteristics gradually give way to a more 
adequate analysis, a greater reorganization of plans at successive 
trials, and a more ready profiting by errors. 

These and other qualitative differences between younger and 
older subjects are not, for the most part, peculiar to learning, but 
are characteristic of mental development in general. One important 
diference between the younger and the older lies in mode of attack. 
ss cautious; they have other personality traits, 
í arning; they have dif- 
ptions of situa- 
nd in 


The younger are le 
such as less patience, which aid or hinder le 
ferent and less systematic habits of work; their perce 
tions are less extensive; stimuli have less meaning for them; a 


other ways their total mental organization differs from that of the 


adult and is reflected in their learning. All of these are themselves 


oe cacao 

learnable characteristics, and when they determine the es 

of other things, their influence may reasonably be classified as phe- 
£ 


nomena of transfer. 


A Summary of the Relations between Learning and Age 


The data leave no doubt that over a very wide range of activities 
sasures of learning, under equal or nearly 


there is an increase in me: aleno 
equal conditions, with increasing age during the first two decades o 
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life. This increase occurs both in gains from practice and in per- 
formance on the initial test or trial, which is largely a measure of 
transfer. It is probable that, among activities which are susceptible 
to incremental change from practice, there are few. if any, which 
will not show an increase in rate of learning with age. 

The experiments on the relations between learning and age 
beyond early maturity are likewise in essential agreement. For some 
time after maximal rate of learning has been reached, it is main- 
tained without important decrement, but eventually, and usually 
by the fourth decade of life, a slow decline sets in to continue for 
as long as measurement can be made. The fact of the slowness of the 
decline after the mid-twenties or early thirties is of the first im- 
portance from the standpoint both of psychological theory and of 
practical application. 


SCORE 


re) 10 20 30 40 
CHRONOLOGICAL AGE 


50 


Fic. 62. A Curve Snowing a Hyporuerica MODAL RELATION BETWEEN 
AGE AND MEAN PERFORMANCE ON A LARGE NUMBER OF LEARNING Activities 
(From Thorndike, Adult learning, p. 127) 

Thorndike has suggested that the curve shown in Figure 62 rep- 
resents the form of the relation between rate of learning and age. 
The exact form of the relation is a function of a timber of condi- 
tions, but the curve shown may be regarded as 


an estimate of the 
modal curve of many other curves. If we w 


od ere to take the point of 
origin at the day of birth, the great majority of all possible curves 


would remain at the zero level for some time and then accelerate 
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This must necessarilv be true for verbal activities and for many 
others. The hypothetical modal curve in Figure 62 is for the we 
over which Thorndike’s measurements were made. It is E 
tain that the changes in performance which the experiments reveal 
are continuous over the span of life. There is no conclusive evidence 
for a sudden change at puberty or for sharply insolable develop- 


mental periods in any part of the range. 
) £ 


Conditions of Which Relations between Learning and 
Age Are a Function 


IATERIAL LEARNED AND METHOD OF PRESENTATION AND MEASUREMENT 


There is some tendency, although its limits are unknown, for 
the age curves of the more ideational materials to rise more sharply, 
to have a less sharp deceleration, to continue to rise longer than 
do those for the more rote and less meaningful, and to decline less 
ad difficult the material, how- 
e memory in later maturity 
perceptual- 


during maturity. The more complex ar 
ever, the greater the decline of immediat 
(Miles, 1933b ). Over the years beyond early maturity, 


T Mp 3 : ; 
Motor acts are learned somewhat less readily than are ideational 


materials 
age-learning relations is almost cer- 


The specific character of 
sentation and measurement, 


tainly a f x A 
wi, a function of the methods of pre 
w unfortunately the specific influence of each of the major methods 
has not been isloated and measured. The information in Table 


XXXVIII gives a rough, but important, picture of the unanalyzed 


influence of methods and materials. Gilbert (1941) matched 174 
individuals between CA 60 and 69 with 174 between CA 20 and 29 
e of intellectual 


o ; sa a ; i 
n vocabulary score, which is a good single measur 


level, and tested each one with the materials listed in the table. The 
s for the entire group and for the 


1 highest on the vocabulary test. 
ual level was deter- 


g 40 in the younger 


pe gives the percentages of los 
i in the older group who scorec 
he deficit shown by the highest 40 in intellect 


mined by comparing them with the correspondin 


group. 


The smallest deficit occurs in the immediate recall of brief new 
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material, the greatest in the learning with brief exposure of more 
complex new material, especially when there is an opportunity for 
interference between the new associations and ones previously 
formed by the subject. It is probable that such details of method 
as time of exposure or frequency of repetition are also effective 
conditions. The bright group show a smaller deficit than do the 
total group, but their relations between material and amount of loss 
are closely similar to those of the total group. The variable of the 
material learned leads naturally to that of transfer, because the two 
are so closely interrelated. 


Taste XXXVIII 
Per Cent or Dericrr or Persons AGED 60 10 69 RELATIVE ‘ro 
PERFORMANCE OF MATCHED SUBJECTS AGED 20 10 29 
(From J. G. Gilbert, J. abnorm. soc. Psychol., 1941, 36, PP- 79 and $3) 


CYounger— 
Older) /Younger 
Per Cent Loss The 40 

Total ‘Brightest’ 

Test Material Older Group Older Group 
Visual memory span for digits 8.5 5.2 
Auditory memory span for digits 11.8 8.4 
Reversed digit span ata 18.8 
Sentence repetitions 21.3 10.3 
Knox cubes (nonverbal repetition) 26.2 14.4 
Retention of paragraph 39.7 18.6 
Immediate memory of paragraph 41.8 20.6 
Memory for designs 45-9 24.6 
Retention of paired associates 54.6 30.3 
Paired associates 58.7 36.3 
Retention of Turkish-English vocabulary 60.4 32.0 


AMOUNT AND SIGN OF TRANSFER 


Initial performance of a new task is a function of a number 
of variables. One of the most important of these, certainly, is 
transfer of training from prior learning. Within certain limits, it is 
probable that the amount of this transfer increases with age. Cer- 
tainly, the stage is set for this conclusion by the fact that a subject’s 
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learned organization grows richer and more complex over the years 
from birth to early maturity. What effect this previous learning 
will have upon the initial performance of a novel task will depend 
upon a great many variables including the amount of previous 
learning and the appropriateness of the previously learned responses 
in the new problem situation. (See Chapter IX.) 

There is fragmentary evidence that directly measured amount of 
ansfer increases during the early years of life, other things 
(1932) finds it to be true in bilateral transfer with 
nd Roberts (1932) reports it in 


5. but not at CA 2. Conversely, 


positive tr 
being equal. Wieg 
children aged 66 to 88 months, a 
problem-solving at CA 3, 4, and 
Thorndike (1928) concludes that older subjects 
to negative transfer.® If this conclusion is valid, it is of great im- 
cline in rate of learning 


are more su sceptible 


portance for an understanding of the de 
which often occurs during late maturity. 

The results obtained by Ruch (1934) bear both upon this last 
the character of the material learned as a 
condition of age-learning curves. His learning materials were chosen 
for their relation to the prior experience of the subjects and were: 
(a) direct-vision rotor (pursuitmeter), requiring the partial use of 
already acquired responses; (b) mirror-vision rotor, requiring the 
breaking of old direct-vision responses and the formation of new 
connections; (¢) paired associates (logically connected words), in- 
volving the use of old associations; (d) nonsense equations, as 
E +Z= G, demanding the formation of new verbal associations 
and measuring what Thorndike has called “sheer modifiability”; 
and (e) false products, as3 X 5= 29, the learning of which involves 
Associative interference between the old connection and the new. 
The subjects were three groups of 40 each, distributed over the 
CA intervals 12-17, 34-59, and 60-82. 


(1929, 1930) give inferential support to 
regative transfer increases over the years 
of maturity, Upon analysis ] positions of the recalled items of a digit- 
Symbol code he finds that the older subjects give a serial position curve with a 
More pronounced dip than that which appears in the curve for younger sub- 
jects. (children of the older ones). If we interpret the inferiority of the inter- 
Mediate serial positions to be a function of interference, we must conclude that 


Negative transfer is greater for these older subjects. 


conclusion and upon 


i $ Certain results of Willoughby’s 
Ne conclusion that susceptibility to! 
is of the seria 
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The mirror-vision rotor vields a greater deficit for the old group 
than for the young, and the amount of deficit on the verbal materials 
increases in the order: paired associates, nonsense equations, and 
interference material. Comparison of the oldest group with the mid- 
dle-aged gives the same order of deficit, though with less statistical 
significance. Ruch interprets his results to mean that the older sub- 
jects encountered their greatest difficulty in learning activities which 
demanded a reorganization of already established responses and 
their least difficulty in learning those activities requiring the least 
reorganization. This interpretation makes the material learned and 
the amount and sign of transfer to it from the subjects e 
repertoire of response a fundamental condition of the 
between learning and age over the mature life span. 

Just why it should be that early in life prior learning generally 
has a positive transfer effect, while later in life it has a ne 
effect, is not clear. It m 


xistent 
relations 


gative 
ay be, of course, that factors of maturation 
and degeneration may account for this shift. On the other hand, 
it is entirely possible that, over a long period of time, shifts in the 


type of learning required make the previously le: 


arned responses 
of the older subjects less appropriate. It is also possible that, in the 


older subjects, the greater amount of previous practice renders 
further modification of the practiced habits more difficult. 


TRANSFER FROM PRACTICE AT FORMAL LEARNING 


Furthermore, it is an often-raised 


relations between age and rate of learning, particularly during later 
life, may be a function of the extent to which the subjects measured 
have kept in practice at formal learning. At least part of the influence 
of practice at learning certain activities on rate of learning other and 
new ones is a phase of transfer. The 
because so often older persons d 


question whether the obtained 


question asked is important, 
© very little formal learning, and 
their deficits under experimental measurement may be partly a 
function of their lack of recent practice. 

The Passage of time without pr 


i actice at formal learning may be 
accompanied by forgetting, so 


that as individuals grow older and, 
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being no longer forced by the demands of school or the requirements 
of attaining competence in a trade or profession to practice specific 
activities, cease to indulge in systematic practice, they lose a con- 
siderable amount of potentially transferable habits of work, They 
probably lose also a large amount of information which might 
transfer to some of the materials on which thev are tested in experi- 
ments on age and learning. The decline which the experiments have 
measured over the later years of life may be, then, a function of 
forgetting. We have seen in Chapter X that forgetting itself is, in 
part, a phenomenon of negative transfer, which accounts for its 
having been mentioned here under the heading of transfer. 

The conclusion reached by Thorndike in Adult learning (p. 146) 
that continued practice at learning is “probably a partial preventive 
or cure for adult inability to learn” is supported by some results 
of Sorenson's (1930). Miles (1935) has organized evidence from 
the Stanford Later Maturity Studies to show that training and 
Practice account for a large part of the gains which appear from 
year to year and that practice, if steadily kept up, may serve to 
Maintain one’s mental status into the later years of life. 

This conclusion is reasonable on the grounds of what is known 
about transfer. Practice at learning keeps active one’s methods of 
Study, yields an increasing body of potentially transferable knowl- 
edge, and may indirectly increase motivation. The operation of 
continued practice may be a powerful determiner of the increasing 


Scores with age up to early maturity, and its absence may be a 


determiner of the decline during later maturity. 


MENTAL AGE 


As individuals increase in chronological age from infancy to early 
Maturity they may also increase in mental age as measured by intel- 


ligence tests. CA and MA, although correlated, are separate vari- 
ated with measures of rate of learning. It is 


hich the relations between CA 
of each with MA. 


ables, and each is correl 
desirable to know the extent to w 
and learning are a function of the correlation 

Ina study of multiple-choice learning by 40 children of CA 3:6 te 
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7:10 and of MA 4:0 to 6:4, Roberts (1933) finds a correlation of 
— 0.40 + .089 between CA and number of trials required to learn 
the first problem and of — 0.47 = .083 between MA and number of 
trials. When MA is partialed out. the coefficient of — 0.40 becomes 
— 0.17 + .103, but when CA is partialed out. the coefficient of 
— 0.47 is reduced only to — 0.30 + .097. Roberts also held MA 
constant experimentally by selecting the 15 children who fell within 
a range of one year MA (MA 4:0 to 4:11) and by computing for 
these subjects the rank-difference correlation between CA and trials. 
The result was — 0.14 + .149. When a similar equation was made 
in terms of CA and the correlation found between MA and trials, 
the result was — 0.41 + .128, 

These data show a higher correlation between MA 
between CA and trials, and a considerable 
the coefficient when MA is held constant either by statistical or 
by experimental means. This decrease is larger than the one which 
occurs when CA is held constant. The number of ¢ 
the age range covered is narrow, but the data suggest that MA is 
here one important determiner of the correlation between CA and 
trials to learn the solution of the problem employed." 

Pies z lye Ne the age eea Peiwen CA and poetry 
ape homie ie. era =i a (1933), already cited, 
scores drops from 0.49 to — 0,02 Partia A aud nonsense-syllable 
learning correlations seniai bu ae tee noe iba MA 

at, but much less th 
tialing out of MA. Fraction 
constant MA and variable 


and trials than 
decrease in the size of 


ases is small, and 


an does the par- 
ation of the subjects into groups h 
CA within each group f 
clear increase in learning scores with incre 

These data, which are representative of those ay: 
that over at least a considerable ran viti 
portant condition of the relation be 
influence of MA is usually found to 


aving 
ails to reveal any 
asing CA. 
ailable, suggest 
ge of activities MA is an im- 
tween CA and learning. The 
be greater over the age range 
ë Correlations of similar im 
a port have been blis - 

whose: subjects ove sage Fe Published by Kirkw 926 
—— oye Ai age range 4:0 to 5:6 learned be Pepe — 

; by Jones (1929), who took recall of a motion pi tare eg 

å cture 


subjects over the range CA 10 to 16 

s ! C ; and ietze ; ; 
immediate memory for factual material over beer oo lr Wis: Shas 
a an oO ages, 


INDIVIDUAL DIFFERENCES AND LEARNING 543 
NING D45 


from infanex to early maturity than over the range from early 
maturity to old age. although Gilbert found, as we have seen, that 
amount of deficit in old age is less for the more intelligent. The 
mental test operations which give a mental age score measure, in 
part. transfer from both scholastic and nonscholastic training. It 
would have been reasonable, therefore, to classify the data just 
discussed as a special case of transfer. They have been treated 
separately because the operations of measurement are different, but 
the implications of the two sets of data are the same. The relations 
between learning and CA are to a very large extent statements of 


amount of transfer. 


MOTIVATION AND PERSONALITY CHARACTERISTICS 


Motivation is an important variable in studies of relations between 
which is a determiner of 


learning and age, because motivation, 
young children can scarcely 


learning, probably varies with CA. Very 
at the more formal laboratory activities at all, 


be motivated to work 
and special rewards or special instructions, not suitable for older 
ed. Little is known about the specific changes in 


al school years, but there is little 
ere is, however, observational 


Persons, must be us 
Motivation during the convention 
doubt that such changes do occur. Th 


evidence for a frequent decline in motiv 
d. The adult may cease to want to learn, as 
ned all 


ation to learn after adult- 


hood has been reache 
Thorndike has suggested, because he feels that he has lear 
that he needs to know and because he is then occupied by the prac- 
tice of his trade or business or profession. This may become in- 
creasingly true with advancing age, particularly when he is asked 


t P i ` " 

o learn the materials which experiments employ. The curves of rela- 

ti i P : + 5 

ion between learning and age which our measurements give us are, 
due to motivation and 


thus, unanalyzed composites of performance 
the manifold other conditions which determine learning. 

Closely allied to differences in motivation are differences in what 
May be classed as traits of personality. We have seen that children 
arg often less cautious, less systematic, and less reflective than adults. 
These traits and doubtless many others influence behavior during 
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practice. As an individual grows older from early adulthood to ai 
age he may, and often does, become more sensitive to ridode less 
willing to attempt novel activities, less tolerant of practice at activ- 
ities which lie outside his more immediate interests, vocation, or 
proficiency, and more possessed of other personality traits which 
retard practice. The deficit found in rate of learning may be to a 
considerable extent a result of these characteristics. 


Hypotheses To Account for the Relations between 
Rate of Learning and Age 


The increase in rate of learning with age over the years to early 
maturity, its relative constancy during the next decade, and its slow 
decline thereafter appear over a very wide range of conditions and 
are among the more gencral facts of the psychology of learning, An 
hypothesis to account for these facts necds to apply to a wide range 
of years and, if possible, to the entire span of life. Certain hypotheses 
which are designed to account for the changes over the whole course 
of the age-learning curve will be presented. 


THE MATURATION-DEGENERATION HYPOTHESIS 


(a) Maturation. This hypothesis is formulated on the analogy of 
physical growth and transfers the pattern of its explanation to the 
explanation of age-learning relations. A normal human being de- 
velops physically from infancy to maturity under the influence of 
organic, and probably of inherited, conditions, Stimul 
environment are necessary and may exert an important influence on 
development, but under normal conditions this influence is relatively 
small, and, in any case, only acts to modif 
endogenous conditions. The inference of the 
of the age-learning relations is th 


i from the 


y the operation of 


maturation hypothesis 
at the increase with 
of learning is another phase of org 


maturation phenomenon.’ 


age in rate 
anic development—that is, a 


7It should be understood that the equivocal nature- 
raised here. The inquiry concerns only the evidence on 
organic correlates of learning insofar as this growth is 


nurture issue is not 
inner growth in the 
a fundamental condition 
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There have beam many definiti 
Miba sipor fog ieena Aa Ge terete 
made. but the term maturatiði il p ie eae 

; aturation will be used to include any change 
with age in the condition of learning which depends primarily upon 
organic growth factors rather than upon prior practice or experience 
A maturation hypothesis of the increase in rate of learning with a 
may have any one or any combination of three sjenilo meanings, 
(1) There may be a maturation of the sensory and motor madhe 
anisms required for learning so that. as the individual grows older, 
rial or activity more readily than he could 
at an earlier age because he has stronger. larger, faster, or better- 
coordinated mechanisms. (2) There may be a maturation of 
plasticity or modifiability, which, aside from increases in sensory 
and motor functions, facilitates learning. This seems to be the 

ached to it in the setting of the 


a maturation of the specific 


he can learn a given mate 


meani : : 
Neaning which many writers have att 
ie ) 

present problem. (3) There may be 
cessary for performance, an organization 


functi ey 
unctional organization ne 
accepted forms of native be- 


like ; 
ke that underlying the more usually 
as a progressively higher initial 


ha Nor P 
avior, so that any given act either h 
essively greater gains from 


status i 
atus at successive ages or shows prag 
Practice, or both. 


There have been no experiments designed to test directly the 
Contribution of maturation to the relations between rate of learning 
ges, although there have been experi- 
experimental method and 


s will be discussed. 


and age over a large band of a 
= which bear on the problem. The 

e general outcome of the available experiment 
digm which the experiments follow is iden- 
ement of transfer of training (Chap. 
that the initial and final tests are 
ained rather than 


hie methodological para 
A with one for the measur 

> With the single difference 
vhich has been tr 
ubjects are equated in terms of 
d, in terms of CA, and often 


given no specific practice 


Made a 
i e upon the performance v 
DON a dif 
R n a different one. Two groups of s 
litial statue a 
in a status in the activity to be use 
1A and other related measures. One is 
a 
of , 
agë-learni n 
mene] learning relations. On gene 
of a -$ {siclopment, see Carr (1925). 
Se-learning relations has received 


genital basis of 


ral principles of the co 
of an explanation 


Actually, the question 
little direct examination. 


546 THE PSYCHOLOGY OF HUMAN LEARNING 
5 


on the activity beyond that provided by the test of initial status, but 
is tested a second time after the lapse of an interval. The other is 
given further practice, usually on the same activity as the one 
initially tested, and is then tested again after an interval which is 
the same as that for the other group. The procedure may be sum- 
marized as follows:* 


Group A: Initial test Period of no practice Final test 
Group B: Initial test Period of continued practice Final test 


If the two groups are equal at the final test, or if Group A shows a 
significant gain, regardless of whether Group B shows the same or 
greater, most experimenters conclude that maturation has been 
effective. 

The available experimental results ® agree in finding only a small 
superiority of practiced subjects over unpracticed ones in the case 
of simple activities, They agree also in finding at least sm 
ments from initial to final tests on the part of the unpracticed groups. 
These facts may be, however, a function of at least thre 
not all of which are always taken into account: 
forded by the tests: (2) maturation; and (3) tr 
practice on related activities in daily life. These three have been 


present in unknown proportions, and nothing exact can be said 
about their relative effects, 


all incre- 


e conditions, 
(1) the practice af- 
ansfer from parallel 


The evidence for maturation as a condition of age-learning rela- 

* The theory behind the experimental methods is cont 
statements from Thorndike (1928): “If by a miracle 
kept alive and well, but in a dreamless sleep, for a year and then waked up to 
Tesume its ordinary life, it would not thereafter be a year behind in ability to 
learn. A year brings growth from within as well as training from without, and 
the loss of the latter need not involve, in theory, at least, the loss of the 
former.” The period of freedom from Practice under the control condition is 
the experimentalist’s substitute for the miracle of the dreamless sleep. 

* For interpretations of maturation al results on the gen- 
eral problem of maturation and learning the following references are impor- 
tant. Discussions of the meaning of ma evant evidence will 
be found in Witty and Lehman (1933), Stone (1934), and Carmichael (1936). 
Carmichael’s presidential address (1941) contains background material, Ex- 
perimental work is reported by Gesell and Thompson (1929), Strayer (1930), 
Hicks (1931), J. R. Hilgard (1933), Jersild (1932), Mattson (1933), and 


ained in the following 
a child of ten could be 
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tions rests upon evidence of this kind. The precise contribution of 
maturation has not been isolated, although it is reasonable to sup- 
pose that it is present in one meaning of the term. Certainly, a child 
cannot climb stairs, name colors, run a maze, or do anything else 
until his organism has the strength. speed, or other physical proper- 
ties requisite for the activity, and growth in these respects may be 
expected to be an essential condition of learning. If the maturation 
hypothesis means only this, it hardly needs experimental evidence 
to support it, although the experimental facts may serve to em- 
Phasize its importance in a given case. 

The proponents of the hypothesis have seemed to mean more 
than this, though they have seldom said so explicitly. They have 
Seemed to mean a maturation either of specific organization of the 
Same kind as that brought about by practice or else an increase of 
Plasticity or modifiability. There is, however, nothing in the data 
Which requires such an hypothesis. The difficulty here stems from 
Our lack of knowledge concerning the physiological changes which 
underlie the learning process. If these changes were identifiable, 
and if the Siiiatires which mediate them were more adequately 
known, an evaluation of this form of the maturation hypothesis 
would be possible. Unquestionably, the individual increases in 
Plasticity or modifiability sometime between the moment Be ferti- 
lization ‘anil the attainment of his maturity. Whether this increase 
in plasticity precedes the maturation of sensory and effector organs, 
or whether it lags behind this maturation, is not kawt: l i 

(b) Degeneration. The interpretation of the decline in rate x 
learning which appears in maturity and later minturity has mea: 
relatively little attention. Explanation of this decline by on AES 
inner degeneration is, however, a corollary of the explanation of the 
Carlier rise in terms of maturation. This degeneration might affect 
any or all of the three sensory and motor mechanisms, specific organ- 
ization, and plasticity. It will be discussed here wii reference 
to the normal individual, thus excluding those suffering injury or 
disease, l 

In Adult learning, Thorndike has given this theory iia major con- 
sideration, He has examined the data of other investigators upon 
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changes with age in strength. speed of movement, and sensorv dis- 
criminations, and has found that, while there is a decline from the 
early twenties to later maturity, it is very slow and very small in 
absolute amount. It is possible, moreover, that this decline might 
also be somewhat influenced by experience, although experience 
could hardly account for more than a part of it. 

Thorndike’s own data upon what he calls “sheer modifiability” 
show a greater decline with age than do the data upon some activi- 
ties to which past training can transfer more readily. Drawing lines 
with one’s eyes closed, incidental learning of a code, connecting 
numbers and nonsense syllables, are examples of sheer modifiability, 
and school studies are cases of activities which may benefit more 
by transfer. He points out, however, that the data are not consistent 
in this respect. It is doubtful if we can make a valid distinction 
among activities regarding influence from transfer in the absence 
of more specific experimental measurements, Moreover, as Thorn- 
dike suggests, the older subjects may have been more self-conscious 
about attacking the novel problems than about studying school sub- 
jects and may have differed from the younger in other ways which 
had developed through experience. Thorndike is led by these and 
similar considerations to the conclusion that inner degeneration is 
not the sole condition of the decline, but he seems to believe that 
it is one condition. 

The work of Ruch (1934) 


, already mentioned, departed from the 
biological concept of senes 


cence as a “condition of lowered plas- 
ticity of tissue.” On the assumption that learning iny 
changes, later maturity should bring a differential se 
in rate of learning. Old subjects should h 
learning activities which demand relatively greater reorganization 
of already learned connections than in learning activities which 
demand less reorganization. Ruch found that his experimental tasks 


yielded the relative deficits which would be predicted on the basis 
of the assumption stated. 


Ruch’s interpretation is 


olves tissue 
t of changes 
ave greater difficulty in 


possible and plausible, but there is 
the possible interpretation that the deficit of the 


associations which interfere with those 


also 
aged in learning 
already in their repertoire 
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is a function of more strictly psychological conditions. Among these 
may be a more effective operation of the conditions determining 
negative transfer, a dislike of change, and other analogous person- 
ality characteristics. The data for a confident conclusion are not at 
hand. but what data there are suggest that. aside from a decline 
in sensory and motor mechanisms upon which learning depends, 
there is on the average only a relatively slight degeneration of 


neural organization or of plasticity.” 


THE HYPOTHESIS OF CHANGING CONDITIONS OF LEARNING 


It may be that the major features of the obtained relations be- 
tween age and learning are partly accounted for by progressively 
al conditions. The conditions which now seem 


changing psychologic 
already been discussed and can be 


to be the most important have 
briefly dealt with here. Chief among them are transfer, motivation, 
aits. It is questionable that they account for all 
is no doubt that they act to- 
ation of organic mech- 


and personality tr 
of the changes with age, but there 
gether with whatever maturation and degener 
anisms may also be influential. 

The possibilities of positive transfer to most of the activities and 
materials which an individual is likely to be called upon to learn 
increase markedly during the years from infancy to early maturity 
and may reasonably be supposed to outweigh negative transfer ef- 
fects by a considerable margin. It is a reasonable inference that they 
remain high during the next decade or so, when the balance between 
Positive and negative transfer in many cases shifts more and more 
toward the side of negative transfer. These inferences are supported 


by the evidence already presented. 


10 There are, of course, a number of mental disorders of the aged he 
involve disturbances of learning and retention and which are — y 
observable changes in the nervous system. Alzheimer’s disease, Pick’s disease, 
Psychosis with cerebral arteriosclerosis, and senile dementia all tend to ee 
late in life, all may result in lowered capacity to learn and to zetan, a al 
Involve characteristic pathological brain changes. That these brain ane are 
Tesponsible for the lowered capacity to learn appears to bea reasona Ble Doa 
tion. That non-psychotie indiv iduals suffer a lowered learning: ee A 
advancing ages due to analogous, but less severe, organic changes is a plausible 
hypothesis, but one which goes beyond our present knowledge. 
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The transfer in question may be in terms both of habits of work 
and of more specific behavior, During the vears from infancy to 
early maturity, habits of work become on the average increasingly 
effective, and during the years of later maturity they mav narrow 
down to the settled requirements of life, being adequate for these 
requirements but less effective when faced with new materials. Over 
the years to early maturity, the individual is also acquiring an in- 
creasing repertoire of potentially transferable training. which may 
aid the learning of new things, while during his later years his 
retained repertoire interferes with the acquisition of the new. 

A parallel progressive change may occur in motivating conditions 
and personality traits. In his earlier years, an individual is fascinated 
by the new and is not as likely to be kept from attacking it by dig- 
nity, fear of comment, or other personality traits which may ch 
acterize him in later maturity. Likewise, in the later years, he may 
have acquired a more narrowly stabilized mode of living in which 
he is not motivated to learn new things. 


ar- 


It is reasonable that changes in ease of learning should be a 
function of such changes as these in the conditions of learning, but 
the hypothesis needs systematic testing throughout the life span. 
It may be regarded as paralleling that of maturation-degeneration, 


and we now proceed to a brief statement of the way in which both 
hypotheses seem to apply. 


APPLICATION OF BOTH HYPOTHESES TO THE DATA 


The complex phenomena of human behavior are de 
multiple conditions, and it seems probable that the relations be- 
tween age and ease of learning need at least the tw 
mentioned to explain them. The org. 
of mechanism within which le 


termined by 


© hypotheses 
anism provides the framework 


arning occurs and by which learn- 
ing’s bounds are set. Maturation and degeneration probably change 


this framework in many now unknown ways which subtly affect 
rate of learning. Within the bounds set by the organism, the psy- 
chological conditions of learning change and have their influence. 
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The two sets iti ate i i i 
sets of conditions operate together, having relative weights 
which are a function of the material learned and of many other 


conditions. 

Thus, children may master motor skills more slowly than more 
mature learners because of a less well-developed motor equipment, 
while the aged may learn more slowly because of sensory, connect- 


ing, or motor mechanisms which are less effective than they were 
at maturity. Children may learn ideational materials more slowly 


than the mature because of less retained experience which will 
ly to the new, and perhaps because of less effective 
materials. The aged may learn similar 
things more slowly than the mature because of negative transfer, 
or because they are less highly motivated to learn them. In many 
ns may operate together and, to ex- 


transfer positive 
Motivation to learn such 


Ways, the two sets of conditio 
may be functions of each other. 


tents now unknown, 
SEX DIFFERENCES IN LEARNING 


ation are dichotomized by the 
s with age the status of an in- 
n whether this biological fact 


The subjects of all experiment 
biological fact of sex, which share 
escapable variable, and the questio 
implies a corresponding difference in mental traits has occupied 
experimenters ever since the importance of individual differences 
Was recognized. An answer to it will have both scientific importance 


and significance for social, educational, political, industrial, and 


other such practical concerns. 

The number of comparisons of the learni 
large, and the results have signally failed to show 
direction. Instead, they group around three modes: (a) 
show a difference in favor of males; (b) those which show a dif- 
ference in favor of females; and (c) those which show no significant 
difference between the sexes. There several facts which must 
be considered in an interpretation of these divergent conclusions. 
The size of the obtained differences is relatively small in most cases, 
ng of the distributions is gre 


ng of the sexes is very 
any constancy of 
those which 


are 


and the overlappit at. In some cases 
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there is little doubt that the differences are a function of sampling 
errors,™ but in others, where the direction of difference is a constant 
over a wide range of CA and where the samplings are large, sam- 
pling errors cannot be invoked in the absence of specific reason for 
believing that they exist. We are left with at least a few significant 
but small sex differences in both directions, as well as with a 
relatively large amount of data which reveal no significant dif- 
ferences. !? 

The data show no clear or uniform tendency for sex differences 
to vary CA and give no clear support to the assumption, sometimes 
made explicitly by writers on sex differences, tha 
boys of equal CA during the years up to 
because of the earlier maturing of girls, but that after adolescence 
the difference should disappear. The fact that there are no uniform 


and regularly appearing sex differences tells 
tion. The fact, however, th 


ences between the sexes to 


to reverse their direction has been interpreted in support of it (see 
Figs. 54 and 55). Many experiments, on the contr 
no tendency for sex differences in le: 
at adolescence, and so long as the p 


general it can scarcely be attributed 
rization. 


t girls should excel 
and including adolescence 


against this assump- 
at some experiments have found differ- 


become less toward adolescence or even 


ary, have found 
arning to diminish or reverse 
henomenon is far from being 
to differences in rate of matu- 


11 Many of the reported differences between rates of le: 
have been obtained from samplings too small and unrepres 
cient. Consistency of results at cach age over a band of a 
compensate for the smallness of the samplings at each 
equally representative. Such an equality is difficult to obtain from a school 
population, which is the one almost universally used. because of the diff erent 
operation of social and economic factors upon the sexes Thesa mi a fe 4t the 
age at which the child is first sent to school, the school to saith fe ah e is 
sent, his regularity of attendance, and the age of leaving The last is pa babl 
Hie mos gee ony as well as the most obvious, in its EPA This reser ef 
oot ot e hers, will operate differently in different communities and in 

12 By no means all of the experiments hay, 
have measured memory span i 
time, trials, or errors to att 
time. To analyze out the re 
be of little value here, th 
incomparability exist. 


arming of the sexes 
entative to be suffi- 
ages would go far to 
age it all samplings were 


> diat, nd the span, 

ain a crite: z 

e aa armed in a constant 
Si each 5 and condition would 

ough it is worth menti at the diversity and 
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Conditions of Which Sex Differences in Learning 
Are a Function 


In spite of the large number of reported comparisons of the 
sexes, there have been few systematic investigations of the condi- 
tions which determine obtained differences in rate of learning. 


Instead, experimenters have seemed to be searching for fixed and 
constant differences, presumably differences determined by innate 
latter has been found, save for those based 
rences, and the reasonable thing seems 


rminers of the obtained results, which 
will permit us to understand their variable direction and amount. 
Where the samplings have been representative and the differences 
significant, the results may have been a function of many of the 
experimental conditions, especially of method of measurement. There 


are two conditions, however, on which there is sufficient evidence 
and the discussion will be confined to them. 


conditions. None of the 
on obvious physiological diffe 
to be to look for possible dete 


to warrant a conclusion, 


AMOUNT OF PRACTICE 

data on sex differences in learning are 
erformance or of a very few practice 
trials. A few experiments, however, have measured the learning of 
the sexes under continued practice. McGinnis (1929), for example, 
Bave her subjects, aged 3, 4, and 5, fifty trials at a relatively simple 
maze problem and found that the early differences in favor of the 
boys diminished with practice. This result is corroborated by a 
small number of other studies. To the extent that practice dimin- 
ishes sex differences, they must be ascribed to conditions of stimu- 
lation and activity rather than to fundamental biological conditions. 


The great majority of the 
measures either of initial p 


THE CHARACTER OF THE MATERIAL OR ACTIVITY LEARNED 


A number of experiments reveal that the direction and amount 


of sex differences in learning are a function of the material being 
learned. Pyle (1925b) has attacked the problem by asking 196 boys 
and 288 girls, all in high school and about equally distributed over 
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ages 14 to 17, to learn four sections of prose of diterne cone 
Materials A and B were technical and dealt with physical, chemical, 
and mechanical processes; Material C was about furs and the 
animals from which they come; and Material D was a set of geo- 
graphical data about a fabled island. The boys excelled slightly with 
Materials A and B, the scores of the sexes being 11.50 and 10.08, 
8.33 and 7.70, respectively; the girls excelled with C, the scores being 
23.03 and 26.00; and there was a very small difference (0.48) in favor 
of the boys with Material D. These results may be interpreted to 
mean that subjects of each sex learned better the material which 
most interested them and which was most relevant to their prior 
experience, while material having no differential appeal was ac- 
quired with equal readiness by the two sexes. 

The influence of the material learned has been studied in another 
way by Boynton (1931), who used 20 colored pictures designed to 
appeal to girls and 20 designed to appeal to boys, a list of 20 names 
of things pertaining to girls and of 20 pertaining to boys, and lists 
of syllables and other materials with no app 
peal to the sexes. The girls earned the higher scores on the material 
designed to appeal to them, but where it was not so de 
superiority disappeared, 

These two experiments have compared total scores on a given 
material and have taken no account of sex difference: 
ing of component parts. Conrad and Jones (1931) have examined 
the individual questions in their tests of the immediate recall of 
motion pictures and have found reliable sex differences in response 
to individual items. The members of e 
relevant to their own peculiar activities and training. Earlier, B 
(1929) had found among pupils in Grades VI A MILA, 
only a slight gross difference in favor of the boys in de 
of history, but differential responses to individual items 
superior in knowledge about war 
were superior in recall of materi 
and home life. 

These results re 


arent difference in ap- 


signed this 


s in the learn- 


ach sex excel on questions 
assett 
and VII B 
layed recall 
- Boys were 
and geographical places; girls 
al dealing with domestic conditions 


inforce the conclusion from less 


analyzed mate- 
rial that obtained sex differences are a function 


of the material 
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learned. When one considers the wide differences which exist be- 
tween the sexes in physical and social training, in daily activity, 
and in the manifold aspects of daily life, it is reasonable to expect 
differences in the appeal which any material will make and the 
prior training which can be brought to bear upon it. These differ- 
ences reduce to differences in motivation and in the possibilities 
of positive transfer. 

Although it has been the custom to emphasize sex differences, it is 
even more important to realize the extent to which the sexes are 
activity. Where gross sex differ- 


similar in the learning of a given 
ported, the similarities must far 


ences are as small as those usually re 
differences. Conrad and Jones (1931) correlated the 
given by males with the percentage 
stions on a given material and ob- 
8 to 0.93, thus demonstrating a 
of the differentia- 


outweigh the 
percentage of correct answers 
given by females for all of the que 
tained coefficients ranging from 0.7 
relatively high similarity between the sexes in spite 
tion shown by individual items. Further investigation revealed only a 
small relationship between adolescent and adult sex differences, 
Which implies that sex differences themselves are subject to differ- 


entiation under the changing conditions of experience.’ * 


SUMMARY AND INTERPRETATION 


in rate of learning are small and do not con- 


other. Which sex will prove superior 
fic practice 


Sex differences 
sistently favor one sex or the 
a function of amount of speci 
e character of the activity 
aining, the first of 
ining at related 
t which less 


ma given experiment is 
involved in the measurements and of th 
or material. Both conditions are a matter of tr 
training at the specific test activity, the second of tra 
things. There are doubtless other conditions, also, abou 


Is now known. 


“In certain experiments on perceptual-motor learning—for example, Trion 
(1949 )—sex differences have been found. Although this is fairly characteristic 
in the e of certain learning activ ities, differential cultural backgrounds may 
be pac 3 ri bd a aari A a » inna 

Pe responsible, In cases where strength or size plays an import ant role, innate 
Sex differences appear, as may be determined by a glance at comparable 


athletic records for men and women. 
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The question at once arises whether differences in the rates of 
learning of the sexes, when obtained in significant amounts, are 
wholly attributable to conditions of present stimulation and prior 
training or whether native differences must also be invoked. There 
is no crucial positive evidence that native differences do not play a 
part, but the evidence that differences in stimul 
can account for the obtained differences inm 
that there seems little need to call onn 
far as they operate to favor p 
interest. 


ation and training 
any cases is so cogent 
ative conditions., except inso- 
articular classes of prior training and 


LEARNING AS A FUNCTION OF TEST INTELLIGENCE 


Single learning experiments deal with 
human behavior than do intelligence tests, 
also with changes during practice which 
nostic of any general char 


a narrower sample of 
The experiments deal 
are not known to be diag- 
acteristic, while intelligence tests do not 
directly measure changes during practice and are designed to be 
diagnostic of ability to succeed in school i 
valued activities. Without entering upon the theoretical issues raised 
by intelligence testing, we may treat test scores 
ables and learning records as dependent. We have already discussed 


the relation between rate of learning and CA; here we inquire about 
the correlation between the rate of learning of 


and some standard measure of intelligence, w 
CA is as nearly as possible a constant, 
It is clear, even on casual analysis, th 
themselves are not independent of le 
certain assumptions which directly involve learnin 
first of all, that all of the persons tested have h 
ity in everyday living or in school t 
test uses, such as words and numbe 
of two further assumptions. The fi 
have learned the materi 


and in other socially 
as independent vari- 
a particular material 
hen the influence of 


at intelligence test scores 
arning. Instead, the tests make 


ts. They also 
rst is that 
als used, but that diffe 


make one or both 
all subjects actually 
rences which appear 
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lustration of transfer of training, although it has not been customary 
to speak of intelligence tests as being tests of transfer. One reason 
for this is that, even though the assumption of equal opportunity 
may be valid, it would be unwise to assume that the subjects had 
had equal prior practice. 

The second assumption is that, although all have had an equal 
opportunity to become acquainted with the materials of the test, 
all have not learned them to the same degree, the measured dif- 
ferences in this respect being reflected in the measures of intel- 
ligence. The first assumption is illustrated by the well-known anal- 
ogies test; the second by information tests, such as the one in Army 
Alpha, or by simple learning tests, such as those in the Stanford- 
Binet. 


Intelligence tests are, thus, measures of le 
ed in a variety of ways. The exper- 


hat extent intelligence test scores 
ained under experimental 


arning in which direct 


learning and transfer are mingl 
imental question here is to w 
correlate with measures of learning obt 
sake of brevity, the test scores will be called “in- 
fic measures of learning will be called 
derstood to refer directly to 


conditions. For the 
telligence” and the speci 
“learning,” but these words should be un 
the specific records under discussion. 


Questions of Methodology 


asuring intelligence and of express- 
and group tests, verbal and non- 
them may be expressed as raw 


There are several ways of me 
ing the scores. There are individual 
verbal tests, and performance upon 
scores or in terms of such derived measures as mental age (MA), 
intelligence quotient OQ): percentile scores, and sigma scores. 
There are also numerous ways of measuring learning experimentally, 
and a correlation between intelligence and learning needs to be 
accompanied by a statement of the specific variables which are 


placed in correlation. 
Chronological age must also be controlled. When, without further 


analysis, CA is placed in correlation with rate of learning, CA in- 
cludes MA plus other factors. CA and MA are correlated, but to 
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the extent that CA includes other variables than MA its influence 
must be held constant if we wish to discover the relations between 
MA and rate of learning. CA can be held constant experimentally 
by using subjects of the same age. Adults of not too widely separated 
ages may be treated as if they were of the same CA without im- 
portant error. CA may also be partialed out statistically, but exper- 
imental control is to be preferred to statistical control. 

The IQ is an index number obtained by dividing CA into MA. 
MA refers to the level of mental maturity as determined by the oper- 
ations of testing, while IQ reflects the rate of mental development. 
On the average, MA increases with CA up to some point which 
varies with the individual, while IQ, under many conditions of life 
and training, remains roughly a constant. These statements follow 
from the ways in which tests have been constructed and standard- 
ized. It also follows that when the CA of a group is a constant, MA 
and IQ provide the same information about the individual members. 

Total score on group tests and raw scores expressed as sigma 
values have the same general meaning that MA has. The tests are 
made so that these scores will increase with CA in a series of ade- 
quately sampled age groups. Each represents a level of perform- 
ance, and each is a function of CA. 

The measurement of learning may be of gains from practice, of 
initial performance, or of a composite of the two. The 


use of initial 
performance as a measure of learning require: 
£ 


s discussion. In con- 
nection with learning tasks which are identical with, 


similar to, intelligence tests or sub-tests, initial score 
highly with intelligence. Take, for example, the 
stitution task. This may be used 


or highly 
may correlate 
digit-symbol sub- 


as a learning task. It is also used 
as a sub-test in the Wechsler (1944) scale. If the trials in the 


ing experiment coincide in length and method of 
with the procedures used in te 
scores on the initi 


learn- 
administration 
sting intelligence, we would expect 
al learning trial to coincide with scores obt 
on the intelligence sub-test. If we 


the determin 


ained 


; allow this initial score to enter 
ation of both intelligence and le 


i arning, we have spuri- 
ously raised the correlation betwe 


en these two variables. Thus, gain 
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scores rather than initial s p f si initi i 
scores should be ee amii a 5 aeo al 
i i A vith intelligence scores. 

The representativeness of the sampling is always important, but 
where coefficients of correlation are computed the heterogeneity of 
the sampling also becomes important, because, other things being 
equal, the size of a coefficient increases as the range of the scores 
placed in correlation. Most of the studies of the relations between 
learning and intelligence have employed relatively narrow ranges. 
and this fact must be taken into account when interpreting the 
results. The range of both intelligence and of learning in a group 
of college sophomores is short compared with that in a sample of 
the total population." That of a group of pupils in the elementary 
or secondary schools is much wider, but it is still less than that 
It is a justifiable inference that most or all 


of the total population. 
een learning and 


of the published coefficients of correlation betw 
intelligence would have been much higher had the sampling in- 
> intelligence scale from the 


cluded subjects at every point on the 

lowest intelligence level at which the task employed could be dis- 
est measurable level. 

lation, the problem of the 
reliability of the measurements—the degree to which they consist- 
ently measure whatever they measure—becomes acute, because then 
we are comparing individuals, not means. Only a few of the pub- 
lished coefficients have been corrected for unreliability of measure- 
ment. The use of more reliable measures and correction for attenua- 
fficients. When we add the use of meas- 
use of relatively short ranges 


criminably learned to the high 
When we deal with coefficients of corre 


ë 


tion would yield higher coe 
ures e . 
ires uncorrected for attenuation to the 


“4 Just as it is difficult to construct learning situations which apply equally 
Peci to widely different age groups, SO it is dificult to find a situation which 
Sl be useful in the study of the learning of groups of widely different intel- 
igence levels. A number of situations for the study of learning among aments 


at been developed. McPherson (1948) reviews a number of such studies. 
ther representative papers include those of Rethlingshafer (1941a, b, c) on 
the learning of aments, 


the z 

ex garnik phenomenon; Gardner (1945) comparing € } 

lorses, cows, and sheep; and Fuller (1949) on the conditioning of a vegetative 
F ment of subjects of high intelligence 


the achieve 


human organism. Studies of 
bb (1928), Terman (1940), and Terman 


include those of Hollingworth and Co 
and Oden (1947). t- 
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of score, the remarkable thing is that so many of the obtained coef- 
ficients have been as high as they have been. 

Under the head of method comes also the method of measure- 
ment. The intelligence test used and the specific measures of learn- 
ing are conditions with which the size of the correlations has been 
found to vary. So, also, are many aspects of the experimental method 


used, some of which will be implied in the following discussion of 
the influence of the activity learned. 


Verbal Materials 


It would be pointless to reproduce a large number of individual 
coefficients. It will be sufficient to summarize briefly the conclusions 


from them. The first general conclusion which emerges from a 


study of the numerous measures which have been placed in correla- 
tion is that the relation is positive almost without exception. The 
size of the coefficients varies from close to zero to as high as 0.60 or 
0.70. Incidental learning and memory span yield coefficients which 
are relatively low; meaningful material gives coefficients which are 
often relatively high. When gain scores 
tionship between intelligence 
low. Woodrow’s (1946) auth 
instances where intelligence 


are used, however, the rela- 


mentioned in this note, Whipple’s M. 
results on relations between memory span and estimate 
ett’s (1928 
Examination and a numbe neasures i 

beb easures of learnin 
in a group of 158 college men, Other papers include: simple associations b 
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Perpetual-Motor Activities and Relational Problems 


A majority of the correlations computed between measures of 
intelligence and of perceptual-motor learning are positive in mean- 
ing. They vary in size from zero to 0.70 or slightly higher, but there 
are many more below 0.50 than above it.'® These statements hold 
for measures of learning which are unanalyzed composites of initial 
performance and gain and for measures of initial performance 
alone. In some cases, as in the data reported by De Weerdt (1927), 
gain are of the same order as those with 


the correlations with 
eriments which 


initial performance, but there are only a few exp 
have attempted to isolate the two. Comparisons of selected groups 
ated points on the scale of MA or of IQ have uni- 
in favor of the more intelligent." 
of problem-solving which involves 
and of inference have been placed 
with resulting coefficients 


gly low to as high as 0.70 


at clearly separ 

formly shown a group difference 

Measures of rational learning, 

abstract relations, of reasoning, 

in correlation with intelligence test scores, 

of correlation which range from exceedin 
or 0.80. 

Multiple Correlations between Intelligence 

and Measures of Learning 
Most studies of relations between learning and intelligence cor- 
ith some single measure 


relate the scores on an intelligence test w 
however, to determine 


of learning. A few attempts have been made, 
the relation of intelligence to more than one measure of learning, 


children (Kirkwood, 1926); report upon observe 
immediate recall of motion pictures (Conrad and Jones, 
Memory (Willoughby, 1929, 1930); recognition memory 
and learning of college subjects (Drake, 1940; Dysinger and Gregory, 1941; and 

arlson, Fisher, and Young, 1945). The important papers by Woodrow (1938, 
1940, 1945, 1946) should be read by anyone seriously interested in this 


Problem, 
16 The papers by Hunter (1922), Warden (1924), Husband (1931, 1939, 
1941), Thompson “and Witryol (1946), and Simrall (1947) are illustrative. 
1? Representative comparisons of the rates of learning of groups at widely 
Separated points on the distribution of intelligence have been made by Mc- 
Geoch (1925), Hollingworth and Cobb (1928), and Spence and Townsend 


(1930), 


d material (McGeoch, 1928b); 
1929); incidental 
( Anastasi, 1930); 
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i.e., between intelligence and a pool of two or more sets of learning 
records, with the result that the addition of more than one measure 
of learning increases the correlation.'* Garrett’s (1928) zero-order 
coefficients of correlation between scores on the Thorndike Exami- 
nation and eight different measures of learning were low, but when 
a multiple r was computed between Thorndike score and the eight 
measures of learning, the coefficient became 0.53. Corrected for 
attenuation, it became 0.60. As Garrett points out, this means that 
although the individual tests have only a little in common with the 
intelligence test, their own low intercorrelations cause them, when 
combined, to measure a considerable amount of whatever is meas- 


ured by the Thorndike test. 


Summary and Interpretation 


Learning, in its rate and amount, is partially determined by intel- 
ligence. This relationship is not impressively high, however, and it 
would be unwise to assume that ability to learn and intelligence 
may be identified, or, indeed, that there is a general learning ability. 
The specific correlations between rate of learning and intelligence 
which have been obtained probably are too low, however, due to 
the homogeneity of the samples studied, 
scores obtained, and the lack of v 
employed. 


the unreliability of the 
ariety among the learning tasks 


INDIVIDUAL DIFFERENCES AND UNCONTROLLED VARIABILITY 


Rates of learning are, as we have seen, functions of differences in 


, and test intelligence; that is, the 
vidual differences in rate of learning which are ascribable to these 
factors. Individuals differ also in personality traits, in e 
condition, in race, and jn other ch 
extent correlated with rate of learning, but the experimental evi- 
dence on the influence of these conditions does 
confident generalizations, 


chronological age, sex re are indi- 


motional 
aracteristics which are to some 


not yet permit 


15 Evidence in support of this st 


atement will be f i 
Lemmon (1927), Garrison (1928) “a vials 


aught (1921), 
» and Bolton (1931 ). wih ; 


INDIVIDUAL DIFFERENCES AND LEARNING 563 


When CA, for example, is controlled by selecting subjects who 
are of the same age, wide differences in rate of learning still appear. 
The fastest learner in the group may learn from two to ten times 
as much as the slowest in the same length of time, or may learn 
a constant amount in a fraction of the number of trials required by 
the slowest. When the control is more inclusive and the subjects 
are not only of the same age but also of the same sex, the same class 
in college, and of equivalent prior training with the material and 
in rate still occur. They may be smaller 


method used, differences 
subjects is less restrictive, but they 


than when the selection of the 
are still wide. 

Variability occurring among subje 
ing, and sometimes in other respects 
variability attributable to unknown conditions. Some 
may be personality traits and 


cts equal in CA, sex, prior train- 
as well, is usually a residual 
of these un- 
known conditions in a particular case 
other individual characteristics; some of them may be functions of 
organie conditions, such as emotional disturbance, those produced 
by dict or loss of sleep or drugs; some may be a result of the peculiar 
ect by the instructions, the experi- 
experiment. Whatever their 


meanings aroused in the subj 
menter, or the other conditions of the 
determining conditions, they comprise an uncontrolled variability. 
A question which has long interested psychologists is whether 
variability, however it is originally produced, is increased, decreased, 
or unaffected by continued practice. 
too many statistical and me 
to be adequate, and none 


The studies aimed at answering 
this question involve thodological prob- 
lems to permit a brief survey will be made 
here. 

Fortunately, if the sampling has been carefully chosen and if the 
external conditions of the experiment are controlled with all the 
rigidity possible to well-trained experimenters, results can be dupli- 
rified without taking into account all of 


cated and conclusions ve 
ariability. Illustrations of 


s of uncontrolled v 
from small samplings, may be dupli- 


found in papers by Barr 


the suspected source 
the statement that results, even 
‘ated by different experimenters will be 
(1932) and MeGeoch (1933). Nevertheless, variability of results 


represents an important obstacle to the accomplishment of research, 
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particularly where the demonstration of small differences is iii- 
portant of where it is desired to corroborate quantitative theoretical 
predictions. The development of selection devices for various types 
of learning situations which would permit the characteristics of 
the sample studied to be specified in a quantitative fashion would 
represent an enormous methodological advance. 
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CONCLUDING STATEMENT 


INTRODUCTION 


The learning process is of fundamental importance in the under- 
standing and control of human behavior. Not only the direction of 
formal education is concerned. More fundamental determinatiom 
of the basic modes of behaving and adjusting is also involved. The 
more stable ways of behaving, which give structure and meaning to 
the concept of personality, are largely learned, and an understanding: 
of the structure and function of personality necessarily depends. 
upon an understanding of the learning process. There has been: 
entirely too much loose thinking concerning such matters. Few 
psychologists will deny the importance of experience, particularly 
early experience, in determining personality variables, yet only 
rarely have attempts been made to consider these early experiences 
as a set of conditions for the production of habits, that is, as prac- 
tice. Too frequently, early experiences are assumed to leave their 
effects upon personality structure quite independently of any condi- 
tions operating at the time of such early experiences. Such thinking 
is essentially magical in character. It should be taken as a funda- 
mental postulate that the experiences and reactions of the individual 


will leave effects upon future behavior only insofar as they have 


occurred under proper conditions of practice. 

The conditions of practice, as we have seen, are extremely nu- 
merous and extremely complex. Any attempt to state learning in terms 
of a single variable or a limited number of conditions necessarily 
represents a simplification of the actual state of affairs. Such a sim- 
plification is justifiable on either theoretical or practical grounds if 
it results in the consolidation of specific conditions into a smaller 
number of meaningful classes of conditions. Any such classificatory 
scheme inevitably does violence to some of the facts, but under- 
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i i i i ined below seem to be 
standing this, the conclusions which are outlined | 
in order. 


THE CONDITIONS OF LEARNING 


From the standpoint of controlling the learning process, we ate 
interested primarily in the responses made by the learner. In view 
of this, it is most practical to consider learning in terms of eaa 
ships between stimuli and responses. We usually wish to om 
the occurrence of particular responses under specific circumstances. 
Thus, when the teacher asks the pupil the question, “When did 
Columbus discover America?” we wish to hear the response, “1492. 
This response, it should be noted, must occur only under a limited 


set of stimulating circumstances. It should not be given when the 


question concerns the signing of the Magna Carta, the death of 
Alexander the Great, or the outbreak of the Fre 
the same way, we are concerned that the 
correct sequence and combination of ke 
of musical notation—and no other, 
between the reception of stimuli and the occurrence of responses 
makes no difference to us at this level of description, although such 
knowledge would be desirable from the standpoint of increasing 
neurophysiological knowledge. Psychologically, however, we may 
be interested entirely in the prediction of re 
circumstances, We may use inte 
aid in this prediction, but these 
Two different syste 


neh revolution. In 
piano student strike the 
ys in response to the line 
What internal processes intervene 


sponses under particular 
rvening variables, as Hull does, to 
need have no independent reality. 
ms for predicting 
should be evaluated entirely in te 
internal consistency. A system, inf, 
not be preferred bee. 


from stimulus to response 
rms of predictive adequacy and 
crior in predictive power, should 
ause it represents 
approach. The reason for this is 
ological system will, 


a “sounder” physiological 
apparent, A perfectly sound physi- 
of necessity, have perfe 
We may also note th 
response phenomen 


ct predictive powers. 
s which predict the same 
a throughout have the Same mathematical prop- 
erties, regardless of the hich surround divans, BOE 


our purposes, then, learning may be considered 


stimuli and responses and consists in a ch 


at two System 


verbalizations w 


as existing between 


ange in the probability 
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(or other measure) that a particular response will occur under a 
particular set of circumstances. 

A number of conditions operate to bring about the changes we 
call learned. One of the most apparent is that the stimulus and the 
response to become connected must occur together in time. This is 
the law of contiguity, the operation of which is so well known as 
to make examples and explanation unnecessary. It could be noted, 
perhaps, that the relationship of strict contiguity (simultaneous 
presentation of stimulus and occurrence of response) is probably 
not the best one for the best one for the establishment of habits. 
Stimulation should slightly precede response for the learning to be 
also be noted that the mediation of language 


most efficient. It may 
contiguity. 


can operate in man to reduce the need for close temporal 
Thus, we can learn to respond to the symbolic representation of a 
situation and later transfer that learning to the situation itself. The 
success of such training probably depends upon the degree to which 
the appropriate svymbolic-motor habits have been established in the 
past. 

Temporal contiguity, alone, however, is not productive of learn- 
ard is also necessary.’ This reinforcement, 


ing. Reinforcement or rew 
ly follow the response which is 


in order to be effective, must close 
to be learned, We thus have two laws of contiguity, the one between 
and the other between the response and the 
nt, in turn, implies the condition 
rate either at the time of 
in order that the 
ard 


stimulus and response 
reward. The concept of reinforceme! 
of motivation. This motivation must ope 
at some prior time, 
The reason for this is that a rew 
time in question or of the 
s. The secondary 
ough the 


learning or must have operated 
reinforcement will be effective. 
consists either of motive reduction at the 
administration of a secondary reinforcing stimulu 


reinforcing stimulus, however, gains its power only thr 


‘Whether reward is, itself, a fundamental condition or whether it may be 
deduced from the law of contiguity after the manner of Guthrie, need not 
concern us here. Although it is doubtful that an operational distinction can be 
made between the reintorcement and the Guthnan positions in this matter 
(cf. Chap. IL), it seems best to include reinforcement as one of the fundamental 
conditions. In the practical control of learning, at any rate, it is of very great 


unportance. 
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mechanism of previous association with motive reduction. Motiva- 
tion, of course, plays other roles in the determination of learning 
and performance than the one mentioned here. 

Under such conditions of stimulus, response, and reward, learn- 
ing will occur. Basically, however, learning appears to be a slow 
process requiring, even under excellent conditions of practice, a 
great many repetitions. This need for frequency, however, can be 
reduced if the individual's past learning can transfer positively to 
the new practice situation. Under such circumstances, acquisition 
of a specific habit may be quite rapid. A complete account of such 
learning, however, would have to include a statement of the ac- 
quisition of those earlier habits which have this facilitating influence. 

One phase of the psychology of learning which has been some- 
what neglected experimentally, but which is of great significance in 
the everyday learning of people, is the “discovery” phase. In almost 
every learning situation, a certain amount of so-called trial-and-error 
behavior precedes the making of the correct response. In most 
experimental situations for the study of learning, and, for that 
matter, in many of the formal educational situations provided by the 
school, this discovery phase is minimal in scope. On the other hand, 
in many of the informal learning situations which abound in every- 
day life, the discovery phase is often the most prominent feature 
of the learning process. Discovering correct—that is, rew 
sponses under such circumstances is, in turn, dependent upon a 
number of other conditions, Basically, of course, discovery depends 
upon the variability of behavior. The more variable the beh 
the more likely it is that an adequate response will be discovered. 
The variability of behavior depends upon the extinctionability of 
the inadequate responses, upon the variability of the stimul 


arding—re- 


avior, 


ating 
circumstances, and upon the persistence of behavior. In the dis- 
covery process, motivation plays a number of roles, A certain 


strength of motivation is necessary to keep activity at a relatively 
high level. On the other hand, very high levels of motivation tend 
to restrict behavioral variability because they impede the process of 
extinction. At the same time, motivational stimuli tend to give 
direction to the ongoing behavior by means of transfer of training. 
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Thus, the hungry animal tends to respond in ways which have led 
to food on previous occasions. In the same way, the mental patient 
suffering from anxiety tends to repeat those symptomatic responses 


which have been fear-reducing in the past. 


SOME COMPLEXITIES OF THE LEARNING PROCESS 


It should also be recognized that the learner is usually acquiring 
a number of habits simultaneously. These habits may involve such 
ase that their acquisition proceeds rela- 
e often, perhaps, there is an interaction 
being modified in various ways by the 


distinct svstems of respor 
tively independently. Mor 
among such habits, each 
other. By this means, the child in school may not only acquire certain 
skills in. let us say. geography, but he may simultaneously learn 
habits of studying and emotional reactions to the school situation 
which will facilitate and/or inhibit the present course of learning 
and which will influence further school achievement in 
Il learning, beyond the very earliest period 
of infancy, occurs against a background of previously established 
habits, although it is often difficult to identify the particular bits of 
prior practice which are currently having effect. 
isly with the learning of new habits, decremental fac- 
ing to modify both the new habits and also those 
previously established. These decremental forces 
are probably of two types those based on a mechanism similar to 
work decrement and those resulting from interference between 
Vhen we consider the acquisition of a 


competing habit systems. y 
particular skill, we should note that decremental factors operate in 
e to consider that these decre- 


various ways. It would be a mistak 
a deleterious effect upon the habit 


involved. In the acquisition of any habit, incorrect as well as correct 
to be acquired, and the loss of these is necessary 
if the final performance is to be entirely successful. While the drop- 
ping-out of incorrect responses may be most obvious in the case 
(lists of words, maze habits, etc.), it plays 
e in the learning of any motor skill. By 
ecremental factors, motor performances 


of geography 
various ways. Indeed, a 


Simultaneov 
tors are operat 
which have been 


mental factors always have 
responses are apt 
of learning serial acts 


an equally important rol 
means of the operation of d 
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tend to become increasingly efficient and better-coordinated. Super- 
fluous responses and awkward movements which tend to interfere 
with the performance of the skill tend to drop ont. either as a result 
of the extra effort which their performance involves (the skilled 
performance is usually far less effortful than the unskilled one) or 
because of successful competition from correct or more adequate 
responses. This process is rarely complete, however, and the occur- 
rence of superfluous and interfering movements is one of the limit- 
ing factors in the acquisition of any skill. 

Each new learning is influenced by older habits, but the influence 
of such transfer operates in both directions, that is to say, new 
learning has its effect upon the performance of previously estab- 
lished habits. This influence may be facilitative or it m 


ay disrupt or 
modify the older reaction patterns. The process of de 


velopment con- 
tains numerous examples of reaction patterns which 
lished and then are displaced by the subsequent learning of other 
ways of reacting in that situation. Similarly, forgetting is deter- 
mined, at least in large part, by the learning of new and different 
habits between the time of original learning and later recall. 

In addition to these factors, which influe 
it must be remembered that individual diffe 
role in the acquisition process. The: 


become estab- 


nce the learning process, 
rences play an important 
se individual differences in the 
learning abilities (and it should be remembered that the 
likely to be plural than singular) cause 
learning and also in the level of final 
amount of practice. Furthermore, the 


tion in learning abilitie 


se are more 
variations in the rate of 
achievement regardless of the 
influence of individual varia- 
s undoubtedly becomes m 
goes on owing to the factor of transfer of tr 
able child, who learns much e 
situation armed with both supe 
retained experience which c 
Jem. 
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THE INFLUENCE OF LEARNED DRIVES AND REWARDS 


One of the earliest products of learning in the child is the forma- 
tion of secondary motives and secondary rewards. Tis first learned 
responses. of course, are necessarily based on biological motives. 
Secondary drives and rewards are not long delayed in their ap- 
pearance, however. Stimuli associated with the primary drive grati- 
fications of feeding and comforting early take on secondary rein- 
forcing characteristics. For example. since the mother or nurse is 
typically a constantly recurring stimulus in the situation wherein 
primary drives are reduced, the presence of the mother, the sound 
of her voice. and other stimuli associated with her presence usually 
become powerful secondary rewarding stimuli for the child. In a 
like manner. stimulation of the oral regions becomes increasingly 
satisfactory to the child because of the intimate association with 
feeding.” Many of the learned responses of children are based upon 
such secondary reinforcing states in the sense that children tend to 
learn responses which are followed by such rewarding stimuli as 
the sight of the mother, her vocal responses, ete. By this means are 
learned many of the “attention-getting” responses of early child- 
hood, and it is apparent that thumb-sucking may be reinforced by 
this mechanism. 

Secondary motives are also learned early in life, and their reduc- 
tion is an important source of reinforcement for further learning. 
As we have seen, the best known, and probably the most important, 
secondary motive is fear. Fears are acquired through the association 
of neutral stimuli with the response to painful stimulation. Such 
learning occurs both as a result of the normal painful events of 
childhood and also as a result of systematic inculcation of fear, as 
by parental punishment. Responses based on learned fears are 
acquired because they tend to remove the fear-eliciting stimuli and 
hence to reduce the fear itself. This is a relatively easy type of 


2Tt is likely that the mouth, together with the anal and genital regions, is 
an innately “erogenous” zone. By this is meant that stimulation of these areas 
is likely to be reinforcing regardless of past training. An excellent case can be 
for the position that each of these regions acquires “erogenous” 


made, however, 
properties through the mechanism of secondary reinforcement. 
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learning, so long as the fear-eliciting stimuli are external 1 ‘the 
learner and he has no particularly strong habitual tendensies w 
approach these stimuli. Thus, children typically csperience no na 
culty in learning to avoid hot stoves and open electric light sockets. 
When, however, a child is trained in such a way as to become afraid 
of his own motives (which are, of course, within himself), the 
learning problem becomes much more difficult to solve and conflict 
reactions, oftentimes of a severe nature, can result, It is this latter 
factor which makes psychologists wary of advising the use of 
punishment as a pedagogical technique to parents and teachers. 
The difficulty is not that punishment does not produce learning, 
Rather, it is that the immediate and delayed learning resulting from 
punishment may be far greater in scope than is intended. The im- 
mediate learning of fear as well as avoidance of the punished re- 
sponses is almost certain to result. This fear, under certain circum- 
stances, can set for the individual a new learning problem based 
upon this secondary motivational state, and the solution of this 
learning problem may involve the acquisition of fear-reducing re- 
sponses which are symptomatic in character. 


THE DESIRABILITY OF HABITS 

In this connection, it is apparent that not all le 
in habits which are desirable from the st 
indeed, from the standpoint of the learner himself, when the matter 
is logically considered. Most learning, it is true, does result in socially 
desirable behavior because society arranges the conditions of re- 
inforcement to promote this end. There are, however, numerous 
exceptions to this rule. In such cases it is always necessary to look 
for the sources of reinforcement which are responsible for the 
learning of the habits in question and which serve to maintain these 
habits once they are established. Whenever we observe 
engaging in persistent folly which brings him (to all appearances ) 
only grief and disappointment, we must be prepared to find that this 
folly is being regularly reinforced, Sometimes, th 
forcement is fairly apparent, as when the indiv 
rather special environmental conditio 


arning need result 
andpoint of society, or 


an individual 
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ns which give him that rein- 
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forcement. More frequently, however, the source of reinforcement 
is internal to the learner as, for example, in the case of reinforce- 
ment by fear reduction. Furthermore, even when such reinforcing 
states are found and identified, it is rarely true that the situation can 
be easily changed. The neurotic individual who controls (reduces 
and avoids) his secondary drive of fear by engaging in compulsive 
acts receives an overwhelming number of reinforcements of this 
behavior in the course of a relatively short time. Such reinforce- 
ments result in a pattern of behavior not easily to be changed. 
Similarly, the student who is consistently rewarded for indolence 
by his associates is not likely to be made more industrious by infre- 
quent exhortations from the dean to study more diligently. In so 
many cases, the rewards for undesirable behavior are immediate and 
frequent, while the rewards for more acceptable behavior are infre- 
quent and remote that little can be done to change the established 
behavior patterns. 


This tendency t 
learning of symptomatic responses. Many a “Sunday golfer” learns 


inefficient golfing habits because they are followed by occasional or 
sartial success. In a similar fashion, many musical talents are lost 
to the world because, as a beginner, the student acquires incorrect 
habits which make for greater temporary reinforcement. Thus, the 
budding violinist acquires a violent vibrato early in his career, partly 
because it masks the defects of intonation which otherwise mar his 
playing. Later, however, this habit will stand as a barrier to ac- 
quiring technical skill. In a similar fashion, the academic student 
may acquire habits of flashy, but superficial scholarship which bring 
him immediate rewards at an elementary level, but which may pre- 
vent his success in the more rigorous work of professional or gradu- 


o learn the “wrong” things is not confined to the 


ate college. 


SOME METHODOLOGICAL PROBLEMS 


In the few pages which remain, it would be presumptuous to at- 
tempt to evaluate the current status of research in the field of 
ning from the standpoint of its methodological adequacy. 


human lear 
This is particularly true, in view of the fact that much meticulous 
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work has been done on this subject. The reviews of methodology by 
Melton and by Hilgard, to which we have already referred, are, 
perhaps, the most outstanding examples of such work. Nevertheless, 
a few words should be said on this subject even though they are 
only introductory in character. In general, experimental sitting 
for the study of human learning have tended to be too specialized 
and not representative enough of the variables which determine 
the learning process during the ordinary psychological development 
of individuals. To recognize this is not to advocate, as many do, 
that learning should be studied only in “real life” situations. To 
follow such a course would cause a regression of our scientific 
progress back nearly to the anecdotal level. Instead, more of the 
variables which enter into the learning of special skills, academic 
habits, and modes of adjustment of everyday life should be in- 
corporated into standardized experimental situations for purposes 
of laboratory investigation. In some cases, no doubt, existing situa- 
tions can be modified for this purpose. In other instances it is 
probable that new experimental situations w 
Promising beginnings have been made 
eral field of motor-skills research, 
mental techniques and situations | 


“ill have to be developed. 
along such lines. In the gen- 
a great variety of new experi- 
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structed. Similarly, learning as a function of cert 
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ertainly have not suffered from lack of 
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variations of these conditions have been em- 
ployed, but, more often than not, this vari 
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Thus, two studies of rote 
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general conclusions from a number of seemingly interrelated ex- 
periments. The situation resembles that which would exist in physics 
if each physicist used the width of his thumb as a measure of 
length, the weight of his left shoe as a unit of mass, and the time 
required to say “abracadabra” as a standard of time. This problem 
of the lack of standardization of experimental conditions has been 
recognized for a long time. Very little has been done about im- 
proving the situation, however, and it would be exceedingly op- 
timistic to assume that the problem will be solved in the immediate 
future. Not only are objections voiced to standardization on the 
at experimental work would be restricted, but it 
must also be recognized that construction of standard conditions 
for even a single type of task would require many months or years 
of patient and rather pedestrian research work. 

Nevertheless, standardization should be undertaken for a number 
of the more commonly used research situations. Let us examine one 
the rote-learning situation is an example—and see 


(false) grounds th 


such situation— 
what is involved in such standardization. In the rote-learning situa- 


tion, a first requirement is the calibration of a considerable number 
of lists of materials. We should have several lists of equivalent 
difficulty in each of several lengths and levels of difficulty. Perhaps 
this should be done with several types of materials such as four- 
letter nouns, two-syllable adjectives, nonsense syllables, and con- 
sonant syllables. It should be noted that such calibration will have 
to be accomplished for whole lists rather than for the individual 
component items. This is because it is known that there is a power- 
ful interaction between item difficulty and difficulty of the list in 
which the item is embedded. In the same way, it would be necessary 
to construct lists bearing calibrated degrees of similarity to each 
other for use in studies of transfer of training. Once calibration of 
such lists has been accomplished, standardization of other aspects 
of the experimental situation would not be difficult to accomplish. 
All that is needed, here, is agreement to use, let us say, a two-second 


rate of presentation, four seconds between trials, a particular cri- 


terion for learning, and so on. 
In addition to this, it would be a great help to have some method 
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of specifying the ability of the subjects. Many discrepancies between 
experimental results undoubtedly arise from differences in the abili- 
ties of the groups tested. An aptitude test, then, for the rote-learning 
situation would be of considerable value. If we possessed such an 
instrument we could standardize samples as well as situations. Just 
as the experimental study of vision depends upon the concept of 
the “standard observer,” so the study of rote-learning could depend 
upon the concept of the “standard sample.” Some such device will 
probably have to be developed before precise, quantitative relation- 
ships can be formulated. 

To accomplish such a program as the one outlined above will 
require a very extensive amount of experimental labor of a rather 
unexciting nature. In some learning situations it is probable that 
standardization will be easier to accomplish than in the example we 
have described. Regardless of the amount of labor involved. how- 
ever, the need for such standardization is clear. A beginning could 
be made fairly painlessly if agreement could be reached on a few 
matters such as rate of presentation, degree of massing of trials, 
the degree of perfection which will be employed as a performance 
criterion, and so on. This would insure at least a rough comparability 
of results obtained in different experiments, even though exact 
calibration of those situations didn’t exist. Unfortunately, there is 
little evidence that research workers in the fields of learning 
concerned with this problem to a sufficient extent to come to 
ment in even such preliminary ways. 

Despite the gloomy outlook we have just described, however, 
there is every reason to believe that standardization will be achieved 
eventually if not immediately. Within some limited experimental 
situations a fair degree of standardization has already been achieved. 
Series of experiments by single research workers have often been 
conducted under comparable conditions fro 
the next. Furthermore, the increasing emphasis upon quantification 
can lead only in the direction of standardization. Until recently, 
and, indeed, up to the present time, the great bulk 
search has been of the “more or less” 
objective has been to obtain a 


are 


agree- 


m one experiment to 


of learning re- 
variety. That is, the major 
significant” difference as a result 
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of two (or more) treatments. The reason for this has been that much 
of the work has been exploratory in character, an attempt to isolate 
the important variables of the learning process rather than to de- 
termine the relationships between them. Vague and unprecise 
theoretical formulations have also been responsible. In a great many 
cases, the most precise deduction which can be drawn from a theory 
is that “A should yield better learning than B.” This evidently un- 
satisfactory state of affairs is now being improved. Current theory 
increasingly permits the deduction of empirical phenomena in a 
precise, quantitative fashion. There seems little doubt that this 
tendency will continue and that eventually a precise, quantitative 


science of human behavior will be developed. 
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retention, 877 ff.; and remote as- 
sociations, 100 ff. 

Delay of reinforcement, 84, 252 ff. 

Delayed conditioned responses, 70 

Derived lists, method of, 91 ff., 103 ff. 

Differential conditioning, 72, 75 

Differential forgetting theory, 183 ff. 

Disinhibition, 56, 57, 66, 75 

Distribution of practice, 56, 57, 66, 
75, 119 ff., Chapter V; theories of, 
171 ff. 

Disuse, law of, 401 ff. 

Drive, irrelevant, 207. See also Mo- 
tivation; Drive, primary; Drive, sec- 
ondary 
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Drive, primary, 196 

Drive, relevant, 207. See also Motiva- 
tion; Drive, primary; Drive, sec- 
ondary 

Drive-reward interaction, 208-209 

Drive, secondary, 49, 78, 198 ff. 

Drug effects in learning and extinc- 
tion, 57 


Effect, law of. See Law of effect 

Effort, direction of in serial position 
curves, 118 ff. 

Eidetic imagery, 365 

Electric shock, 218 f., 264. See also 
Punishment 

Electroconvulsive shock, 
and, 179 ff., 435 ff. 

Equations, learning curve, 31 ff. 

Escape training, 80 

ation, 56, 74 

rimental extinction, 56, 66, 67, 

; in avoidance training, 82 fF. 

Experimental neurosis, 73 

Exposure methods, 
484 ff. 

External inhibition, 57, 65, 74, 75 

Extinction-ratio, 249 

Extinction, resistance to, 22 


retention 


learning and, 


Facilitation, neural, 232 

Failure, 222 ff. 

Fatigue theory, 172 f. 

Forgetting, Chapter X; resistance to, 
23 

Frequency, law of, 51 {f., Chapter 
VIII 

Frequency, of response, 21; of situa- 
tion and response, 281; of guided 
frequency of correct responses, 287 

Freudian theory of repression, 388 

Frustration, 200 


Gamma hypothesis, 292 

Generality, of learning, 2 ff.; of trans- 
fer, 300 ff. 

Generalization, 
344 ff. 

Gestalt psychology, and insight, 52 ff. 

Gibson hypothesis, 441 ff. 

Goal gradient hypothesis. See Delay 
of reinforcement 

Gradient of reinforcement. See Delay 
of reinforcement 


theory of transfer, 


SUBJECT INDEX 


Guessing-sequence hypothesis, 258 ff, 
Guidance, 287 


Higher-order conditioning, 73 
Hypnosis and retention, 362 ff. 
Hypotheses to account for remote as- 


sociations, 107 ff. 


Identical Clements, theory of transfer, 
342 fF. 

Incentives, Chapter VI, 215 

Incidental learning, 210 ff. 

Individual differences, learning and, 
Chapter XII 

Inhibition of conditioning, See Inhibi- 
tion of reinforcement 

Inhibition of delay, 71. See also Lep- 

ley hypothesis 

Inhibition of reinforcement, 56, 66 

Inhibition of the second order, 57 

Initial reproductive tendency, 113 

Insight, 52 ff. 

Instructions, 202 

Instrumental conditioning, 65, 76 ff. 

Internal inhibition, 56, 74 

Intervening variable, 45 f. 

Intrascrial interference, 383 F., 475 

Intrascrial phenomena, Chapter IV 

IQ, and learning, 556 ff; and retro- 

ive inhibition, 42 

» 173 fF. 

“Isolated” materials, 
interference 


See Intraserial 
Jost’s laws, 187 


Judgmental theory of feeling, 47, 
387 ff j i 


Knowledge of 


À results. See Law of 
effect; 


Reinforcement, secondary 


Latency of response, 

Latent learning, 50 

Law of contiguity. 
law of ý 

Law of effect, 46 Ee Chapter VIT. See 
also Reinforcement, primary; Rein- 
forcement, secondary i 

Learning: definition of, 4 f; materials, 
THE; types of, 39 ff, 

Learning curves, 26 ff., 65 

Learning to learn, 306 ff. 

Learning without awareness, 269 ff. 


21 


See Contiguity, 


SUBJECT INDEX 


Length of list. See Amount of material 
Lepley hypothe sis, 107 ff., 125 ff. 


MA, learning and, 541 ff. 

Massed es. distributed practice. See 
Distribution of practice 

Maturation-degeneration 
54 ff. 

Maze learning, 17 ff. 

Meaningfulness, 12., 469 ff., 479 ff. 

Measurement of learning, 20 ff. 

Mediate association, 110 ff. 

Memory span, 457 f. 

Memory span method, 16 

Method of equated groups, 1l 

Methodology, T f., 577 ff. 

Motivation, 84, Chapter VI. See also 
Drive, primary; Drive, secondary 
Motivation, primary. See Drive, pri- 

mary 
Motives, learned. See Drive, secondary 
Miiller-Schumann paradigm. See As- 
sociative inhibition 
Multiple choice learning, 20 
Muscular tension, 228 fÈ. 


hypothesis, 


Negative acceleration, 27 

Negative practice, 292 

Negative transfer. See 
training 

Neural facilitation, 232 

Neural inhibition, 

Nonsense syllables, 12 f. 


Transfer of 


OK reaction. See Confirming reaction 

Operant conditioning, See Instrumen- 
tal conditioning 

Organic deterioration and forgetting, 
401 ff. 

Oscillatory cycle at the threshold of 
recall, 117 ff. 

Overt intrusions, 322 ff., 444 ff. 


Paired-associates method, 15; temporal 
sequence, 485 ff. 

Part learning, 499 ff. 

Partial reinforcement, 73, 248 ff. 

Pavlov, theory of conditioning, 74 ff. 

Perceptual-motor acts, retention of, 
358 

Perceptual-motor 
486 ff., 523 ff. 


Pertormance criterion, 23 


16 ff., 


learning, 
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Performance, motivation and, 204 
Perseveration theory, 178 ff., 432 ff. 
Perseverative errors, 91 
Physiological limit, 28 

Pick’s disease, 549 

Plateau phenomenon, 29 


Positive acceleration, 27 
Positive transfer. See Transfer of 
training 


Primacy. See Serial position curves 

Primary reinforcement. See Reinforce- 
ment, primary 

Proactive inhibition, 129, 320, 394 ff. 

Progressive part method, 499 

Feo eond ienne, 70, 75 

Psychophysical judgments, 429 ff. 

Punishment, 260 ff. 

Pursuit rotor, 18 ff. 


Qualitative changes in retained activ- 
ities, 363 ff. 

Quality of response, si 

Random activity and problem solution, 
208 

Randomization, 11 

Rational learning problems, length and 
difficulty, 493 

Reactive inhibition. See Tx 

Recall, method of, 23 

Recency. See Serial position curves 

Recognition method, 23 

Reconstruction method, 23 

Refractory phase in associative proc- 
esses, 176 ff. See also Spontaneous 
alternation 

Rehearsal, 142 ff., 180 ff. 

Reinforcement, 46, 77 f. See also Law 
of effect 

Reinforcement, primary, 47 f., 78, 241 

Reinforcement, secondary, 47 f., 74, 
78, 85, 202 ff., 241 

Relational learning, 19 ff. 

Reliability of learning measures, 25 

Reminiscence, Chapter V; design for 
study of, 140 ff.; theories of, 177 ff. 

Remote associations, 90 ff.; conditions 
of, 99ff.; hypotheses concerning, 
107 ff. 

Repetitive part method, 499 

Repression, 388 

Reproduction, method of, 23 

Reproductive inhibition, 439 ff. 
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Resistance to extinction. See Extinc- 
tion, resistance to 

Resistance to forgetting. See Forget- 
ting, resistance to 

Response generalization, 326 

Retention, 6 ff., 66, 156, Chapter X; 
limits of, 360 ff.; measurement of, 
370 ff. 

Retroactive hypermnesia, 362 

Retroactive inhibition, 129, 404 ff; 
theories of, 432 ff. 

Reward. See Law of effect; Reinforce- 
ment 

Reward training, 78 ff, 

Rhythm, learning and, 476 

Rivalry, 222 ff. 


Satisfier, 47, 240 

Savings method, 24 

Scientific theory, 35 ff. 

S-curve, 27, 65 

Secondary drive. See Drive, secondary 

Secondary reinforcement. See Rein- 
forcement, secondary 

Sensory modes of presentation and 
learning, 480 ff. 

sEn, 58 

sEr, 45 

sEn, 45 

Serial position effects, Chapter IV, 
90 ff., 115 ff.; conditions of, 118 ff.; 
theory of, 125 ff. 

Serial reproduction, method of, 369 

Set, 201, 223 f., 425 ff., 451 ff. See 
also Warming-up effect 

Sex, learning and, 522, 
551 ff. 

Shock. See Electric shock 

sHn, 45, 55, 245 

Similarity, law of, 317 

Simultaneous conditioning, 70 

sIr, 57, 169 

Size of materials and learning, 474 ff. 

Skaggs-Robinson hypothesis, 407 ff, 

Skinner box, 79 

Snoddy hypothesis, 181 ff. 

sOr, 117 

Spontaneous alternation, 258 ff. See 
also Refractory phase 

Spontaneous Tecovery, 56, 57, 67 


524, 525 


> 


SUBJECT INDEX 


Spread of effect, 256 ff. See also De- 
lay of reinforcement 

Stimulus generalization, 68, 111 f., 
305, 317; primary, 68; secondary, 
68 

Stimulus-maturation hypothesis, 182 ff. 

Sub-zero extinction, 66 

Successive recalls, 372 ff. 

“Superstition.” See Partial reinforce- 
ment 

Symbolic reward. See Reinforcement, 
secondary 

Tension. See Muscular tension 

Test intelligence and learning, 556 ff. 

Threshold of recall, 117 ff. 

Token reward. See Reinforcement, 
secondary S 
Trace conditioned responses, 71. See 

also Lepley hypothesis 
Transfer of set, 333 ff. 
Transfer of training, 24, Chapter IX 
Transfer of training, design for study 
of, 301 ff. 
Transfer of training, method of, 24 
Transfer of training, negative, 320 ff.; 
theory of retroactive inhibition, 437 
Transfer of training, positive, 318 ff. 
Transfer, non-specific, 332 g 
Transfer theory of retroactive inhibi- 
tion, 437 ff, 
Transposition, 314 ff, 
Two-factor theory of learning (Mow- 
rer), 41 ff, . 


Two-factor theory of retroactive in- 
hibition, 59, 444 ff, 


Umweg learning, 20 

Unconditioned response, 64 
Unconditioned stimulus, 64 
Unlearning theor 


y of retroactive in- 
hibition, 444 ff, 


Verbal materials, 12 ff, 
Vincent curves, 29 ff, 


Von Restorff phenomenon. See Intra- 
serial interference 


Ward-Hovland phenomenon, 140 ff. 
See also Reminiscence 

Warming-up effect, 150 ff., 451 ff. 

Whole vs. part method, 499 ff. 


Zeigarnik phenomenon, 390 ff, 
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